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TRANSLATION OF THE GOLADHYATA OF THE 
SIDDHANTA-SIROMANI. 



CHAPTER I. 

In pmse of the advantages of the study of tits Splieric. 

Sivlutdtioii to Gan£SA ! 

Inrooaiion ^* Having saluted that God, wlio 

when called upon brings all under- 
takings to a successful issue, and also that Gt)ddess, through 
whose benign favour the tongues of poets, gifled with a flow of 
words ever new and with elegance, sweetness and playfulness, 
sport in their mouths as in a place of recreation, as dancing- 
girls adorned with beauty disport themselves in the dance with 
elegance and with every variety of step, I proceed to indite 
this work on the Sphere. It has been freed from all error, 
and rendered intelligible to the lowest capacity. 

^. , . . 2. Inasmuch as no calculator can 

Objeoi of the work. 

hope to acquire in the assemblage of 

the learned a distinguished reputation as an Astronomer, with- 
out a clear understanding of the principles upon which all the 
calculations of the mean and other places of the planets are 
founded, and to remove the doubts which may arise in his 
own mind, I therefore proceed to treat of the sphere, in such 
a manner as to make the reasons of all my calculations 
manifest. On inspecting the Globe they become- clear and 
manifest as if submitted to the eye, and are as completely 
at command, as the wild apple (&iiwlu) held in the palm of 
the hand. 
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106 Translation of the [I. 3. 

3. As a feast with ubundanco of 
of Spheric.*" '*''''""'* all things but without clarified butter, 
and as a kingdom without a king, and 
an assemblage without eloquent speakers have little to recom- 
mend them ; so the Astronomer who has no knowledge of the 
spheric, commands np consideration. 

4. As a foolish impudent disputant, who ignorant of gram- 
mar (rudely) enters into the company of the learned and vainly 
prates, is brought to ridicule, and put to shame by the frowns 
and ironical remarks of even children of any smartness, so ho, 
who is ignorant of the spheric, is exposed in an assemblage of 
the Astronomers, by the various questions of really accom- 
plished Astronomers. 

Object of the Amillftry 5. The Armillary sphere is said, by 

■P *'•• the wiso, to bo a representation of tho 

celestial sphere, for the purpose of ascertaining the proofs of 

tho positions of tho Earth, tho stars, and tho planets : this is a 

species of figure, and hence it is deemed by the vrise to be an 

object of mathematical calculation. 

-..,.,. 6. It is said by ancient astrono- 

In praise of mathemeiioi. "^ 

mors that the purpose of the science 
is judicial astrology, and this indeed depends upon the influence 
of the horoscope, and this on the true places of the planets : 
these (true places) can be found only by a perfect knowledge 
of the spheric. A knowledge of the spheric is not to be 
attained without mathematical calculation. How then can a 
man, ignorant of mathematics, comprehend the doctrine of 
the sphere &c. ? 

Who b Ukely to under. '^' Mathematical calculations aro 
toke the study with effect. of two kinds. Arithmetical and Alge- 
braical : he who has mastered both forms, is qualified if he have 
previously acquired (a perfect knowledge of) the Grammar (of 
the Sanskrit Language,) to undertake the study of the various 
branches of Astronomy. Otherwise he may acquire the name 
(but never the substantial knowledge) of an Astronomer. 
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8. He who has acquired a perfect 
In praise of Grammar. •. « -, ^/^ t_ • i. v i 

'^ knowledge of Grammar^ which has been 

termed Ybdavadana i. e. the mouth of the Ysdas and domi- 
cile of Saraswati, may acquire a knowledge of every other 
science— nay of the Vbdas themselves. For this reason it is 
that none, but he who has acquired a thorough knowledge of 
Grammar^ is quaUfied to undertake the study of other sciences. 
The opinion of others on 9' loomed man ; if you intend 
^t o'ftUnrJth.'ilad; *o »t°dy *« «P^«ric, study the Treatise 
of it. of BuXsKABA^ it is neither too concise 

nor idly diffuse : it contains every essential principle of the 
science, and is of easy comprehension ; it is moreover written 
in an eloquent style, is made interesting with questions ; it im- 
parts to all who study it that manner of correct expression in 
learned assemblages, approved of by accomplished scholars. 

End of Chapter I. 



CHAPTER II. 

Questions on (lie Oeneral view of tlie Sphere. 

Questions regarding the 1. This Earth being encircled by 
^•'***- the revolving planets, remains sta- 

tionary in the heavens, within the orbits of all the revolving 
fixed stars ; tell me by whom or by what is it supported, that it 
falls not downwards (in space) ? 

2. Tell me also, after a full examination of all the various 
opinions on the subject, its figure and magnitude, how its prin- 
cipal islands mountains and seas are situated in it ? 

3. Tell me, my father, why the 
c.tt!r.' ^'rilr place of a planet found out from weU 

tnining planets' true places calculated Ahabgana (or enumeration 
and their causes. . * 

of mean terrestrial days, elapsed from 

B 2 
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108 Trnnslatim of the [II. 3. 

the commencement of the KALPA)*by applying the rule of pro- 

* [A Kalpa is ibat portion of time, which intervenes between one conjunction 
of all the planets at the Horizon of LankA (that place at the terrestrial equator, 
where the longitude is 76^ E., reckoned from Greenwich) at the first point of 
Aries, and a subsequent similar conjunction. A Kalpa consists of 14 mamus 
and their 16 BAMDnis i each mamu Wing between 2 samdiiis. Each mamu 
contains 71 tuoabj oaoh yuoa is dividod into 4 TaaXNOiiuis viz., Kuita, 
Tiista', DwXpaba and Kali, the leneth of oaoh of these is as the numbers 
4, 8, 8 and 1. The beginning and end of each tuoa'nohbis being eaoli one 12th 
part of it are respeotifely called its bavdhyI and Sanduta'nba. The number 
of sidereal years contained in each TUOA'NanBi, &o, are shown below ; 

Kali. 

DWAPABA, 

ITbbta, 

Kbita, 

TUQA, 

71 X Yuoa = manit, 

14MAHU, 

15 Mahitbahdhib each equal to a Kbita YuoInohbi, 
Kalpa, 

Of the present Kalpa 6 icanub with their 7 bavdhib, .. i their 

three tuoa^nghbi i. e. Kbita, Tkbta, and Dwa'para, and 3179 sidereal years of 
the fourth TUOA^NonBi of the 28tli Tuga of the 7th manu, tliat is to say, 
1,972,947,179 sidereal years hafe elapsed from the begiiming of the present 
Kalpa to the oommeooement of the Sa'liwa'hana era. Now we can easily find out 
the number of years that hare elapsed from the beginning of the present Kalpa 
to any time we like. 

By astronomical obserrations the number of terrestrial and synodic lunar days 
in any gifen number of years ean be ascertained and then, with the result found, 
their number in a Kalpa or Tuoa can be calculated by the rule of proportion. 

By this method ancient Astronomers found out the number of lunar and ter« 
restrial days in a Kalpa as giren below. 

1,602,999,000,000 (synodic) lunar days > . ^ 
and 1,677,916,460,000 terrestrial days i *" * ^^^^^' 

With the foregoing results and a knowledge of the number of sidereal years 
contained in a Kalpa as well of those that hare passed, we caa find out the 
number of mean terrestrial days from the beginning of a Kalpa to any gif en 
day. Tills number is called Aiiabgana and the method of finding it is given in 
GavitXdutIta by Bua'bkaba'oua'bya. 

By the daily mean motions of the planets, ascertained by astronomical obserya- 
tions, the numbers of their reyolutions in a Kalpa are known and are given in 
works on Astronomy. 

To find the place of a pUnet by the number of its revolutions, the number of 
days contained in a Kalpa and the Auabga ^a to a given day, the followmg pro- 
portion b used. 

As the terrestrial days in a Kalpa, 

: the number of revolutions of a planet in a Kalpa 

t the Ahabgava : 

t the number of reyolutions and signs fto. of the planet in the Ahabga^a. 

By leaving out the number of revolutions, eon tamed in the result found, the 
remaining signs &o. indicate the place of the planet. 

Now, the intention of the querist is this, why should not this be the true 
place of a planet ? In the QA^niDBYiTA. BhXskabIoha'bta has stated the 
revolutions in a Kalpa, but he has here mentioned the revolutions in a tuga 
on account of his constant study of the S'lsnYA-DnivBiDDniDA'TAMTBA, a Trea- 
tise on Astronomy by Lalla who has stated in it the revolutions in a Yuoa.— 
B. D.] 
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portion to the revolutions in the Yuqa* &c. is not a true one ? 
(i. e. why is it only a mean and not the true place) and why 
the rules for iSnding the true places of the different planets are 
not of the same kind ? What are the Dbsantaka, ITdayantara, 
BhujXntara, andCHARA corrections ?t What is theMANDOCHCHAJ: 
(slow or 1st Apogee) and S'fGH£0CHCHA§ (quick or 2nd Apogee)? 
What is the node ? 

4. What is the Kbndra|| and that which arises from it (i. e. 
the sine, cosine, &c. of it) ? What is the Mandaphala|| (the 
first equation) and S'faHBAPHALA^ (the 2nd equation) which 
depend on the sine of the Ejbndba ? Why does the place of 
n planet become true, when the Mandaphala or S'faHRAPHALA 

* [It may bo proper to giro notes explaining oonciselj tlie tccliniml terms 
occurring in tlicso questions, wliioh hare no corresponding terms in English, in 
order that tlie English Astronomer maj at once apprehend tiiese questions with- 
out waiting for the expUuation of them which the Author gives in the sequeL'*— 
B.D.] 

t (To find the place of a planet at the time of sun-rise at a giren place, the 
several important corrections, i. e. the Udata'ktaba,Bhuja'vtiba, Bes'Xntaba, 
and Ohaba are to be applied to the mesn place of the planet found out from the 
AiUBOA^A by the fact of the mean place being found from the AHABGA^fA for the 
time when a fictitious bodj, which is supposed to move uiiifonnlj in the Equi- 
noctial, and to )>erform a complete revolution in the same time as the Sun, readies 
the horiKon of Lanka'. We now proceed to explain the corrections. 

Tlie Udata'ntara and BnuJA'NTABA corrections are to be applied to the mean 
place of a planet found from the AnABOAtfA for finding the place of the planet at 
the true time, when the Sun comes to the horison of IiANKa' arising from those 
two portions * of the equation of time respectively, one due to the inclination 
of the ecliptic to the equinoctial and the other to the unequal motion of the 
Bun in the ecliptic. 

The Dss'A'if TARA and Chaba corrections are to be applied to the mean place of 
a planet applied with the Udata'vtara and Bhuja'htaba corrections, for finding 
the place of the planet at the time of sun rise at a given place. 

The Bbs'a'vtaba correction due to the longitude of the place reckoned from 
the meridian of Lahka' and the Chaba correction to the ascentional difl*er« 
ence. B. D.] 

X [MAKDooncnA is equivalent to the higher Apsis. The Sun's and Moon*8 
Mandoouoiiab (liigher Apsides) arc the same as their Aposees, while the other 
planets* MANDoonoiiAB are equivalent to their Aphelions. B. D.] 

§ [8'i'OHBOOHonAis that point of the orbit of each of the primary planets (L o. 
Mars, Mercury, Jupiter, Yenns and Saturn) which is furthest from the Earth. 



B. D.] 

II [K« 



^ Cbndba is of two kinds, one called Makda-kbmdra corresponds with the 
anomW and the other called 8'i'odba-kbnd|ia is equivalent to the commutation 
added to or subtracted from 180* as the Bioba-bbvdba is greater or less than 
180* B. D.] 

% [MANDA-pnALA IS the same as the equation of the centre of a planet and 
SYOHBA-PHALA b equivalent to the annual parallax of the superior planet ; and 
the elongation of the inferior planets. B. D.J 
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are (at one time) added to and (at another) subtracted from it ? 
What 18 the twofold correction called D^ikkabma* which 
learned astronomers have applied (to the true place of a pla- 
net) at the rising and setting of the planet ? Answer me all 
these questions plainly, if you have a thorough knowledge of 
the sphere. 

Questions regarding the &• Tell me, O you acute astrono- 
length of the day and night. ^^^^ ^j^^^ ^^^^ ^j^^ g^^ j^ ^^ ^,^^ 

northern hemisphere, is the day long and the night short, and 
the day short and the night long when the Sun is on the south- 
em hemisphere ? 

^ . 6. How is it that the day and 

• Questions regarding the .1.1.1 an-, -11. 

leneth of the day and night night of the Qods and their enemies 

«dB^MA^^'"^^''*"' ^^^''^^8 correspond in length with 

the solar years ? How is it that tho 
night and day of the Pit](^is is equal in length to a (synodic) 
lunar month, and how is it that tho day and night of BuaumX 
is 2000 YDQASt in length ? 

Question, wgarding the 7' ^hy, Astronomer, is it that 
periods of risings of the the 12 signs of the Zodiac which are 
signs of the Zodiao* 

all of equal length, rise in unequal 

times (even at the Equator,) and why are not those periods of 
riaing the same in all countries ? 

Questions as to the places of 8. Shew me, learned ono, tho 
theJ)rujYl,theKujYA'.&o. ^^^^^ ^f ^y^^ DyujyX (the radius of 

the diurnal circle), the KujtX (the sine of that part of the 
arc of the diurnal circle intercepted between the horizon and 
the six o'clock line, i. e. of the ascensional difference in terms 

* [DfiiKKABMA is the correction requisite to be applied to the place of a pla- 
net, for finding the point of the ecliptic on the horizon when the planet reaches 
it. This correction is to be applied to the place of a planet by means of its 
two portions, one called the Ata.ma-D^ikkabma and the other the AKaui-DRiK- 
KARMA. The place of a planet with the Atana-dbikkabma applied, gives' the 
point of the ecliptic on the six o'clock line when the planet arrires at it ^ and 
this corrected place of the planet, asain with the Aksha-drikkaeha applied, 
gives the point of the ecliptic on the horison when tho planet comes to it. B. D.] 

t The KfiiTA, Tbita^ Dwa'paba and Kali arc utiinlly called TuoAS : hut 
the four together form onlj one TuoA, according to the Siddda'mta sjstem, 
each of those four being held to be individually but a YiroA'iraaBi. L. W. 
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of a small circle), and show mo also the places of the declination, 
Sama-sXnku,* Agra (the sine of amplitude), latitude and 
co-latitude &c. in this Aiiuillaiy sphere as these places are in 
the heavens. 

^ . ,. If the middle of a lunar Eclipse 

Questions rcgArding cor- , 

tain diflbreiices in the times tnkcs place at the end of tho TlTHi 

Edipsjr''^'^^''''"'^*""^^ (at the full moon), why does not tho 

middle of the solai* Eclipse tjike place 
in like manner at the change ? Wliy is tho Eastern limb of 
the Moon in a lunar Eclipse first involved in obscurity, 
and the western limb of the Sun first eclipsed in a solar 
Eclipse ?t 

Questions regarding tho i)« What, O most intelligent one, 
parullmcs. j^ ^,^^ LamdanaJ and what is tho 

Nati? why is tho Lambana applied to tho Titui and tho 
Nati applied to the latitude (of the Moon) ? and why are 
these corrections settled by means (of the radius) of the 
Earth ? 

QiicBiions rcRiinling tlio 10. All ! why, after being full, does 
plitiscs of the Moon. y^^ ^^^,,^ \mw\ng lust her pure bright- 

ness, lose her circularity, as it were, by her too close associa- 
tion, caused by her diurnal revolution with the night : and why 
again after having arrived in the same sign as the Sun, does 
she thenceforth, by successive augmentation of her pure 

* [Sama-sa'nku is tbe sine of the Sun*s altitude when it comes to the prime 
TcH.in»l. n. 1).] 

t [An Kclii)8o of tho Moon is causod by her entering into the Kartli's shadow 
and as the pluce of the Earth^s shadow and that of tho Moon is tho same at tho 
full moon, the conjunction of tho Earth's shadow and the Moon must 
happen at tho same lime ; and nn Eclipse of tho Sun is cnusod by the interposi- 
tion of the M(x>n between the Earth and tlio Sun, and tho conjunction of tho 
Sun and Moon in like manner must happen at tho new moon, as then 
the place of tho Sun and Moon is the same. As this is the case with the eclipses 
of both of Ihcm (i. o. lK>tli tho Sun and Moon) tho querist asks, ''Iftlie middle 
of a lunar eclipse &c." It is scarcely necessary to add that tho assumption 
that the middle of a lunar eclipse takes place exactly at the full moon, is only 
approximately correct. B. D.] 

{ [The Lamdana. is equirulent to the Moon*s parallax in longitude from the 
Sun reduced into time by means of the Moon's motion from the Sun : and tho 
Nati is tho same as tho Moon's parallax in latitude from tho Suu. B. D.] 
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brightnoss, as from association with tlio Sun, attain her circu- 
lar form ? * 

End of the second Chapter. 



CHAPTER III. 
Called BhuvaTWr-hosa or Cosmography, 

The excellence of the ^' The Supreme Being Para Brah- 
Supreme Being. i£x the first principle, excels eternally. 

From the soul (Pubusha) and nature (Pbakriti,) when excited 
by the first principle, arose the first Great Intelligence called 
the Mahattattwa or Buddhitattwa : from it sprung self-con- 
sciousness (AHAKKifiA :) from it wore produced tho Ether, Air, 
Firo, Water, and Earth ; and by tho combination of tlioso was 
mado tho nnivorso BKAiiMiCKpA, in the conlro of which is tho 
Earth : and from Brahm^ ChaturInaka, residing on the sur- 
face of the Earth, sprung all animate and inanimate things. 

^ . . . . ™ _xv 2. This Globe of the Earth form- 
Deionpiion of the Bano* 

ed of (the five elementary principles) 

Earth, Air, Water, the Ether, and Fire, is perfectly round, and 
encompassed by the orbits of the Moon, Mercury, Venus, the 
Sun,^Mai*s, Jupiter, and Saturn, and by the constellations. It 
has no (material) supporter ; but stands firmly in the expanso 
of heaven by its own inherent force. On its surface through- 
out subsist (in security) all animate and inanimate objects, 
Danujas and human beings, Gods and Daittas. 

* This rene has a double meaning, ell the naiire writers, however grave the 
Bubjeo^ being ronoh addicted to oonoeits. The second interpretation of this 
verse is as foUows t 

Ah 1 why does the most learned of Brahmsns, though distinguished by his 
immaculate conduct, lose his pure honour and influence as it were from his mis- 
conduct caused by derangement ? It is no wonder that the said Brahman after 
hafing met with a Brahman skilled in the Ykdib, and by having recourse to 
him, thenceforth booomea distinguished for his eminent good conduct by gradual 
augmentation of hisillustriousncss. L. W. 
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3. • It is covered on all sides with multitudes of mountains^ 
groves^ towns and sacred edifices^ as is the bulb of the Nauclea's 
globulai' flower with its multitude of anthers. 

Kefutation of the suppoBi- ^- ^^ *^e Earth were supported by 

tion that the Earth has iuo- any material substance or Uvinir crea- 
oessiTe eupportera. 

ture, then that would require a second 

supporter, and for that second a third would be required, 
llere we havo the absui^dity of an interminable series. If 
the last of the series be supposed to remain firm by its own 
inherent power, then why may not the same power be supposed 
to exist in the first, that is in the Earth ? For is not the Earth 
ono of the fonus of the eight-fold divinity i. e. of S'lVA. 

Bofutation of tho objcc 5. As heat is an inherent property 
tion, as to liow tho Earth of the Sun and of Fire, as cold of the 
has ita own inherent power. „ » -». 

Moon, flmdity of water, and hardness 

of stones, and as the Air is volatile, so the earth is naturally 
immoveable. For oh I the properties existing in things are 
wonderful. 

G. 'Jlio* property of attraction is inherent in tho Earth. 
By tills property the Earth attacts any unsupported heavy 
tiling tow<u*ds it : Tho thing appears to bo falling [but it is in 
a state of being drawn to the Earth] . The etherial expanse 
being equally outspread all around, where can the Earth fall ? 

Opinion of the Baud. ^- Observing the revolution of the 
DHAs. constellations, the Bauddhas thought 

that tho iSartli hml no siippoiii, and as no heavy body is soon 
stationary in the air, they asserted that the earthf goes eternal- 
ly downwards in sptice. 

. . , 8. TTie Jainas and others maiu- 

Opuiion of the Jiinas. . , , « t 

tain that there are two Suns and two 

* [It is manifest from this that neither' can the Earth hy any means fall 
downwards, nor the men situated at tlie distances of a fourth part of the circum- 
ference from us or in the opposite hemisphere. B. D.] 

t [Ue who resides on the Earth, is not conscious of the motion of it down- 
wards in space, as a man sitting on a mo? ing ship does not perceive its motion, 
B. D.] 
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Moons, and also two sets of constellations, which rise in con- 
stant alternation. To them I give this appropriate answer. 

Refutation of the opmion ^' Observing as yon do, O Baud- 
of the BiDDunAs. dha, that every heavy body projected 

into the air, comes back again to, and overtakes the Karth, 
how then can you idly maintain that the Earth is falling down 
in space ? [If true, the Earth being the heavier body, would, 
he imagines* — perpetually gain on the higher projectile and 
never allow its overtaking it.] 

Refutation of the opinion 10. But what shall I say to thy 

of the JAiHAa. fouy^ Jaina, who without object or 

use supposest a double set of constellations, two Suns and two 
Moons ? Dost thou not see that the visible circumpolar con- 
stellations take a whole day to complete their revolutions ? 

Refutation of the BuppoBi- 1 1 . If this blessed Earth were level, 
tion that the Earth is lerol. jj^^ ^ pj^^ mirror, then why is not the 

sun, revolving above at a distance from the Earth, vinible to 

men as well as to the Gods? (on the PAUfti(NiKA hypothesis, 

that it is always revolving about Mebu, above and horizontally 

to the Earth. 

12. If the Golden mountain (Mebu) is the cause of night, 

then why is it not visible when it intervenes between us and 

the Sun ? And Mbbu being admitted (by the Paubanikas) to 

lie to the North, how comes it to pass that tho Sun rises (for 

half the year) to the South ? 

, . . , ■ 13. Ab the one-hundredth part of 

Reason of the false ap- , . ^ ^ 

pearanoe of tho plane form the Circumference of a circle is (scarce- 

ot the Earth, j^ ^^ff^^^^^ fr^^j ^ p,^^^ ^^ ^ 

the Earth is an excessively large body, and a man exceedingly 
small (in comparison,) the whole visible portion of tho Earth 
conseG[uently appears to a man on its surface to be perfectly 
plane, 

* [This was ])nA8KABA*8 own notion i— but oyon on the more corrcot priuciplo, 
lUtt^ all boilioa fall with equal rapidity, the arguuiont holds good. ii. P.J 
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^ ^ ^.. . ^ 14. That the correct dimensions of 

Proof of tlie correctness of 

alleged circutnferonce of the the circumference of the Earth have 
been stated may be proved by the 
simple Bole of proportion in this mode : (ascertain the diifdt*- 
ence in Yujanas between two towns in an exact north and 
south line^ and ascertain also the difference of the latitudes of 
those towns : then say) if the difference of latitude gives this 
distance in Yujanas, what will the whole circumference of 360 
degrees give ? 
To confirm the same oir- 16* As it is ascertained by calcula- 

cumference of the Earth. ^^^ ^j^at the city of UjJATINf is 

situated at a distance from the equator equal to the one-sixteenth 
pjvrt of the whole circumforouco : this distance, therefore, 
multiplied by 16 will be the measure of the Earth's cir- 
cumference. What reason then is there in attributing (as the 
PaurXnikas do) such an immense magnitude to the earth 7 

16. For the position of the moon's cusps, the conjunction 
of the planets, eclipses, the time of the risings and settings 
of the planets, the lengths of the shadows of the gnomon, 
&c., are all consistent with this (estimate of the extent of the) 
circumference, and not with any other ; therefore it is declared 
that the correctness of the aforesaid measurement of the earth 
is proved both directly and indirectly, — (directly, by its 
agreeing with the phenomena ; — ^indirectly, by no other estimate 
agreeing with the phenomena). 

17. LankX is situated in the middle of the Earth : Yama- 
KOTi is situated to the East of Lanka, and Romakapattana to 
the west. The city of Siddhapura lies underneath LankX. 
SuMRUir is situated to the North (under the North Pole,) and 
VadavInala to the South of LankX (under the south Pole) : 

18. These six places are situated at a distance of one-fourth 
part of the Earth's circumference each from its adjoining one. 
So those who have a knowledge of Geography maintain. At 
Meru reside the Gods and the Siddhas, whibt at Yadav^nala 
are situated all the hells and the Daittas. 

c 2 
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19. A man on whatever part of the Globe he may be, 
thinks the Earth to be under his feet, and that he is standing 
up right upon it : but two individuals placed at 90* from each 
c^her, fancy each that the other is standing in a horizontal 
line, as it were at right angles to himself. 

20. Those who are placed at the distance of half the 
Earth^s circumference from each other are mutually antipodes, 
as a man on the bank of a river and his shadow reflected in 
the water : But as well those who are situated at the distance 
of 90' as those who are situated at that of ISO* from you, main- 
tain their positions without difficulty. They stand with the 
same ease as we do here in our position. 

PoBitioDB of tho DwfPAB 21. Most learned astronomers have 
and Seat. stated that jAMBtJDwf PA embraces the 

whole northern hemisphere lying to the north of the salt sea : 
and that the other six DwfPAS and the (seven) Seas viz. 
those of salt, milk, &c. are all situated in the southern hemis- 
phere. 

22. To the south of the equator lies the salt sea, and to 
the south of it the sea of milk, whence sprung the nectar, 
the Moon and the Goddess LAKSHMf, and where the Omni- 
present YXsunEVA, to whose Lotus-feet BrahmX and all the 
Gods bow in reverence, holds his favorite residence. 

23. Beyond the sea of milk lie in succession the seas 
of curds, clarified butter, sugar-cane-juice, and wine: and, 
last of all, that of sweet Water, which surrounds VADAVifNALA. 
The Pirihk LoKAS or infernal regions, form the concave 
strata of the Earth. 

24. In those lower regions dwell the race of serpents (who 
live) in the light shed by the rays issuing from the multitude 
of the brilliant jewels of their crests, together with the multi- 
tude of AsuBAS ; and there the Siddbas enjoy themselves 
with the pleasing persons of beautiful females resembling the 
finest gold in purity. 

25. The S'iKA, S'^lmala, Kaus'a^ EbjCukcha, Gomkdaka, and 
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PusHKARA DwfrAS OTG Situated [in the intervals of the above 
mentioned seas] in regular alternation: each Dwipa lying, 
it is said, between two of tlipse seas. 

Positions of the Monn- 26. To the North of Lank! lies 
u;"'le'THt«v:i'V"u *« HiMiLATA moutttain, and beyond 
caused by the mountains. that the HsMAKtJTA mountain and 
beyond that again the Nisuadha mountain. These three 
Mountains stretch from sea to sea. In like manner to 
the north of Siddhapura lie in succession the S'^lingavXn 
S'uKLA and NfLA mountains. To the valleys lying between 
these mountains the wise have given the name of Varshas. 

27. This valley which we inhabit is called the BhArata- 
VARSiiA; to the North of it lies the Kinnaravarsha, and 
beyond it again tlie Harivarsha, and know that the north 
of Siddhapura in like manner are situated the Kuru, Hira^- 
MATA and Bamtaka Varshas. 

28. To the north of Yamakoji lies the MalyavXn mountain^ 
and to the north of Bomakapattana the Gamdhamadana 
mountain. These two mountains are terminated by the NfLA 
and NisuADUA mountains^ and the space between these two 
is called the iLivJCiiTA Varsha. 

29. Tlie country lying between the MalyavXn mountain 
and the sea^ is called the Bhadraswa- varsha by the learned ; 
and geographers have denominated the country between the 
GAMDHAMiCDAMA and the sea, the KetumXla- varsha. 

30. The Ilavj(iita-varsha, which is bounded by the 
NiSHADiiA, NfLA, Gandhamadana and Malyavan mountains, is 
distinguished by a peculiar splendour. It is a land rendered 
brilliant by its shining gold, and thickly covered with the 
bowers of the immortal Gods. 

Position of the mountain 31 . In the middle of the IlXvj^ita 
MuEuinlLlT^iTA. Varsha stands the mountain Mbru, 

which is composed of gold and of precious stones, the abode 
of the immortal Gods. Expounders of the Pur&nas have 
further described this Mbru to be the pericarp of the earth- 
lotus whence Brahma had his birth. 
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32. The four mountains Mandara, Suqandha, Vipula and 
SupXrs'wa serve as buttresses to support this Mbru, and upon 
these four hills grow severally the Kadamba, JAMUtJ, Vaja 
and PiPPALA trees which are as banners on those four hills. 

33. Prom the clear juice which flows from the fruit of the 
Jamd(j springs the jAMBtJ-NAnf ; from contact with this juice 
earth becomes gold : and it is from this fact that gold is 
called jAHDtJNADA : [this juice is of so exquisite a flavour that] 
the multitude of the immortal Gods and Siddhas, turning 
with distaste from nectar, delight to quafl^ this delicious 
beverage. 

34. And it is well known that upon those four liills [the 
buttresses of Mbru] are four gardens, {Ast) Chaitraratha 
of varied brilliancy [sacred to Kubbra], i^nd) Nandana 
which is the delight of the Apsaras, (3nQ the Diiiiiti which 
gives refreshment to the Gods, and {4itU) the resplendent 
VaibhRi^ja. 

35. And in these gardens are beautified four reservoirs, 
viz. the Aruna, the MiCMASA, the Mah^hrada and the S^weta- 
JALA, in due order : and these are the lakes in the waters 
of which the celestial spirits, when fatigued with their 
dalliance with the fair Goddesses, love to disport themselves. 

36. Mbru divided itself into three peaks, upon which are 
situated the three cities sacred to Vishnu, Brahm/^ and S'iva 
[denominated Vaikuntha, Brahmapura, and Kailasa], and 
beneath them are the eight cities sacred to Indra, Agni, Taha, 
Nairrita, Varuna, V^yu, S'As'f, and Is a, [i. e. the regents 
of the eight Dues or directions,* viz., the east sacred to 

* [As the point whero the equator cnti the horison is the east, the sun 
therefore rises due east at time of the equinoxes but on this ground, we 
eannot determine the direction at MtBU [the north pole] because there the 
equator coincides with tlie horizon and consequently the suu moyes at Miuu 
under the horison the whole day of the equinox. Tet the ancient astronomers 
maintained that the direction in which the tamakoti lies from Msuu is the 
east, because, according to their opinion, the inhabitants of Mbuu saw the 
sun rising towards the TAMAKafi at the beginning of the kalpa. In the same 
manner, the direction in which LahkA lies from mount Mkuu is south, that 
in wliioh Bomakafattana lies, is west, and the direction in which Siddua- 
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Indra, the south-east sacred to Agni, the south sacred to 
Yama, the south-west sacred to Nair^ita, the west sacred to 
Varuna, the north-west sacred to Vayu, the north sacred to 
S'as'f and the north-east sacred to fs'A.] 
Some peculiarity. ^^^ The sacred Ganges, springing 

from the Foot of Vishnu, falls upon 
mount Mbru, and thence separating itself into four streams 
descends through the heavens down upon the four Vishkam- 
BHAS or buttress hills, and thus falls into the four reservoirs 
[above described] . 

38. [Of the four streams above mentioned], the first 
called SfTA, went to Bhadras'wa-vabsha, the second, called 
Ai^kananpX, to UhXrata-varsha, the third, called Chakshu, 
to KktumXla-varsua, and the fourth, called BhadrA to Uttara 
KuRU [or North Kuru] . 

39. And this sacred river has so rare an efficacy that if 
her name be listened to, if she be sought to be seen, if seen, 
touched or bathed in, if her waters be tasted, if her name 
bo iittK)r(Ml, or broii^rht to mind, and hor virtues bo colobnitod, 
she purilios in many ways thousands of sinful men [from 
tlioir sins] . 

40. And if a man make a pilgrimage to this sacred stream, 
the whole line of his progenitors, bursting the bands [imposed 
on them by Yama], bound away in liberty, and dance with 
joy ; nay even, by a man's approach to its banks they repulse 
the slaves of Yama [who kept guard over them], and, escaping 
from Naraka [the infernal regions], secure an abode in the 
happy regions of Heaven. 

FUBA lies from Mbbtj is north. The buttresses of Mbbit, Mavdaba, Suoakdha, 
&c. are situated in the east, south &o. from Mbbit reepectiTelj. B. D.J 

Note on rerses from 21 to 43 t^fi RASKABa'oha'bta has exercised his ingenuity 
\n giving a locnlitv on tho earth to the poetical iinaginalions of Yta'ba, at the 
same tinio that he hus preserved his own principles in regard to the form and 
dimensions of the £arth. But he himself attached no credit to what he has 
described in those Terses for he concludes his recital iu his commentarj with 
the words, 

** What is stated here rests all on tho authority of the PUBXtris." 
As much OS to sajr " crodat Judsuus*" L. W« 
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The 9 .Hi»piB and 7 ^^- ^«™ ^"^ ^^'^ BH/fRATA-VAE8HA 

KviUoBALAB ot Bha'bata- aTO embraced the followinir nine khan- 

VAR8HA 

PAS [portions] viz. Aindha, Kas'kru, 

TamRAPARNA, GaBHASTIMAT, KuMARIKA^ NAQA, SaUMYA, ViRUNA, 

and lastly GiNDHARVA. 

42. In the KumjCrika alone is found the subdivision of 
men into castes ; in the remaining kuanpas are found all the 
tribes of Antyajas or outcaste tribes of men. In this region 
[BhjCrata-varsha] are also seven kulXchalas^ viz. the mahen- 
DRA, S UKTi, Malaya, Hiksiiaka, rXitiYATiiA, the Sauya, and 

ViNDHYA hills. 

Arrangement of the seven 43. The country to the SOuth of 

LoKAfl worlds. ^YiQ equator is called the BntiRLOKA, 

that to the north the Bhuvaloka and Mbru [the third] is 
called the Swarloka, next is the Mauauloka in the IToavous 
beyond this is the Janaloka, then the Tapotx)ka and last of 
all the Satyai/>ka. Those IiOKAB are gradually altaiuod by 
increasing religions merits. 

44. When it is sunrise at LankX, it is then midday at 

Yamakoti (90^ east of LankX), sunset at Siddhapura and 

midnight at Romakapattana. 

-. . ^ . ,, 45. Assume the point of tho 

Points of the compass ' 

whj Mbbu is due north of horizon at wliich the sun rises as 
^ * tho oast point, and that at which ho 

sets as the west point, and then determine the other two 
points, i. e., the north and south through the hatsya'I' effected 
by the east and west points. The line connecting the north 
and south points will be a meridian line and this line in 
whatever placo it is drawn will fall upon tho north point : 
hence Mkru lies due north of all places. 

A curious fact is rehearsed. 46. Only Yamakoti lies due east 
Geograpbicd Anomalj. f^^^ UwAYinf, at the distance of 90« 

* [From the east and west points, as centres, with a common radius describe 
two area, intersecting each other in two points, the place contained bv the 
arcs is called Matsta ** a fish" mid the iuterseotiug poinu are the north and 
south points. B. D.j 
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from it : but Lanka and not UjJAYiNf lies duo west from 
Yamakoti. 

47. Tho samo is the case everywhere ; no pkce can lie west of 
that which is to its east except on the equator, so that east 
and west are strangely related.* 

48. A man situated on the equa-^ 
tor sees both the north and south 
polos touching [tho north and south points of] the horizon, 
and the celestial sphere resting (as it were) upon the two 
poles as (Centres of motion and revolving vertically over his 
head in the heavens, as the Persian water-wheel. 

49. As a man proceeds north 
from tho equator, ho obsei*vos tho 
constellations [that revolve vertically over his head when 
seen from the equator] to revolve obliquely, being deflected 
from his vertical point : and the north pole elevated above 
his horizon. The degrees between the polo and the horizon 
ai-e the degrees of latitude [at the place]. These degrees 
are caused by tho Yojanas [between tho equator and tho 
pbvco] . 

How tiio dogrooB of IMi. 50. Tlio number of Yojanas [in 
iiido iiro jjrodujjod from ilio ^j^^^^ ^^.^ ^f ^^^^ terrestrial or celestial 

diataiico m YoJANAS and -^ . . , ^ 

Tioo rersA. circle] multiplied by 360 and divided 

by [the number in Yojanas in] the circumference of the 
circle is the number of degrees [of that arc] in tho earth 
ov in tho planetary orbit in tho heavens. The Yojanas ai-e found 
from tho degrees by reversing the calculation. 

51. The Gods who live in tho 
rorallol Bphoro. mount Mbbu observe at their zenith 

[• As tho sun or any lioavonly body when it roaclio* tlio Prime Vortical 
of any place is caUcd due east or west, so according to the Uindu Astronomical 
hniguoKO aU the places on tho Earth which are situated on the circle 
oor^|K)nding to tho Prime Vortical arc due east or west from the place and not 
those which are situated on the parallel of Utitude of the place, that is the 
places which have the angle of position 90« from any place are duo oast or 
west from that place. And thus nil directions on the Earth are shown by 
means of tho angle of [wsilion in tho Uindu Astronomical works. U. U.J 

1) 
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tho north polc^ wliilo tho Daityas in Vadav^Cnala tho south 
pole. But while the Gods behold tho constellations revolving 
from left to right, to the Daityas they appear to revolve from 
right to left. But to both Gods and Daityas the equatorial 
constellations appear to revolve on and correspond with the 
horizon. 

Dimensions of the Earth's 52. The circumference of the earth 
oiroumference. j^^ ^^^ pronounced to be 4967 

YojAKAS and the diameter of the same has been declared to 
be 1581yV YojANAS in length : the superficial area of tho Earth, 
like the nfet enclosing the hand ball, is 78,53,03 1 square 
YojANAS, and is found by multiplying the circumference by 
the diameter.* 

Tl..errorofLall.5..x. ^3. The Superficial area of the 

posed in regard to the super- Earth, like the net enclosing tho 

ficial area of tho liorth. i t i n . ^ i i^ ^ i 

hand ball, is most erroneously stated 

by LALiiA : tho true area not amounting to one hnndrodth 
part of that so idly assumed by him. His dimensions are 
contrary to what is found by actual inspection : my charge of 
error therefore cannot be pronounced to be rude and uncalled 
for. But if any doubt be entertained, I beg you, learned 
mathematicians, to examine well and with tho utmost impar- 
tiality whether the amount stated by me or that stated by 
him is the correct one. [The amount stated by Laujv in his 

* [The diameter and the ciroamferencd of the Earth here mentioned are to 
^eaoh other as 1250: 8927 and the demonstration of this ratio is shown hj 
BaXsKABioEXBTA in the foUowinff manner. 

Take a radius equal to anj urge number, suoh as more than 10000, and 
through this determine the sine of a smaller arc than eren the 100th part of 
the oiroumferenoe of the oirole by the aid of the canon of sines (Jyotpatti,) 
and the sine thus determined when multiplied by that number which represents 
the part which the arc just taken is of the ciroumferenoe, becomes the length of 
circumference because an arc smaller than the 100th part of the oiroumferenoo 
of a circle is [scaroelj dilTerent from] a straight line. For this reason, the cir 
oumferenoe equal to the number 62882 is granted by ABTiDniTTA and the others, 
in the diameter equal to the number 20,000. Though the length of the circum- 
ference determined by extracting the square root of the tenfold square of the 
diameter is rough, yet it is grants for conyenienoe by SbiduauAoha B7a, Braii- 
jf AQUPTA and the others, and it is not to bo supposed that they wore ignorant 
of this roughness.— -B. 1).] 
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work entitled Dnfvj[iiiDDiriDA-TANTEA is 285,63,38,557 square 
YojANAS, which he appears to have found by multiplying the 
square contents of the circle by the circumference.] 

Shows the wrongneis of 54. If a piece of cloth be cut in 
the Bule given bj Lallii. ^ circuhu- form with a diameter equal 

to half the circumference of the sphere, then half of the sphere 
will be (entirely) covered by that circular cloth and there will 
still be some cloth to spare. 

55. As the area of this piece of cloth is to be found nearly 
24 times the area of a great circle of the sphere : and the 
area of the piece of cloth covering the other half of the sphere 
is also the same ; * 

50. Therefore the area of the whole sphere cannot be more 
than 5 times the area of the great circle of the sphere. How 
then has he multiplied [the area of the great circle of the 
sphere] by the circumference [to get the superficial contents 
of the sphere] ? 

57. As the area of a great circle [of the sphere] multiplied 
by the circumference is without reason, the rule (therefore of 
JjAiiiiA for the sajwrficial contents of the sphere) is wrong, 
and the superficial area of the Earth (given by him) is conse- 
quently wrong. 

Otherwise. ^^' ^^' Suppose the length of the 

[equatorial] circumference of the globe 
equal to 4 times the number of sines [viz. 96, there being 24 
sines calculated for every 3®f , which number multiplied by 
4 = 90] and such oblong sections equal to the number of the 
length of the said circumference and marked with the vertical 
lines [running from pole to pole], as there are seen formed by 
nature on the Xnwl J fruit marked off by the lines running 
from tho top of it to its bottom. 

* Let the diameter of a sphere be 7 : the circumrerenoe will be 22 nearly. 
The area of a circle whose diameter is 7 will be about 88 1 ; that of a circle 
whose diameter is 11 (^ oircomferenoe) will be about 89} tliis 89 J is little less 
than2| times 88|. L. W. 

D 2 



Digitized by 



Google 



121. 



Translation of (he 



[Til. CO. 



CO. If wo dotcrmino the superficial area of one of tlioso 
sections by means of its parts, wo have it in this form. Sum of 
all tho sines diminished by half of the radius and divided by 
the same.* 

* The correctness of this form is thus briefly illustrated by BaA'sKABA^onA'sTA 
in his commentary. 

heigaha^ff be tho section in which ah, h o,e d &c. 
and aj>i, b^c^, c,(fi, &o. are each equal to 1 cubit and 
also aa^ arc equal to 1 cubit : then bb^, ce^, dd^^ &c. 
are proportional to the sines mb^no^ od^ &c. and are 
thus found. 

mb. 

If Ira or rad : give, aa 1 (= 1) : : m5 ; bb^ = 

Had. 

ne 

If Bad 1 1 : : no : cc, = — 

Mad 

od 

again Bad : 1 : iod:dd^:= 

Mad 
Ac. 
Now ai»|, bb^t 00„ &0. being found, the contents of 
each of aa^ bjt, Ib^ o,o, oo^ d^d, ko, the part of tho 
Hoction is found by taking half the sum of aet^ & bb^ 
hh^ k coy^ C0, k dd^ ko. and multiplying it by ab 
(which is equal to cnch of bo, cd, Ac.) hero ab is assumed ns 1 and tho wholo 
surface each of aajt^b^ W,o,c as a plane, for an arc of U«4 b scarcely diiroroiit 
from a plane. 

Now to find the sum of aajf^b, bb^e^e ko, we hare 

a^t + bb, bb.^co, ee, + dd, 

' — ;; — ^ ^ + — : — x ^ + x i + &c. 

adding these and leaying out 1 multiplier, we haye 

iaa, + bb, + co, + dd,^kc. 
„ W„ Ac. 




. we have 



Substituting the Talues of aa 
mb no od 
1 + — H + — 4- &0. so on for tho as8nmo<l sines 

ji :r H 

but I = = 

It It B 

By substitution we get 

It mb me 

-—+—-+ + ko. 

It It It 

n + mb + n0 + od^ko,. —ilt 



J2 



It is endent from this that the sum of all the sines diminished by the half 
of the Badius and dirided by the Badius is equal to the contents of tho upper 
halfof the section, therefore by dividing by i Bad we get the wlioU) section 
instead of only the upper lialf of it. 



i. e. contents of tho whole sootion = 



■am of all the sines — ) J2. 



kU 



- = ^. 
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01 . As tho superficial area of one section thus dctorminecl 
IS equal to tho diameter of tho globe, the product found by 
nuiltiplyin«]f the diameter by tho circnmforonco has therefore 
been asserted to be the superficial contents of a sphere. 

The grand dolugos or dU. 62. The earth is said to swell to 
•*'^""°"'- the extent of one Yojana equaUy all 

around [from the centre] in a day of Brahma by reason of 
the decay of tho natural productions which grow upon it : in 
the BrXhma deluge that increase is again lost. In the grand 
deluge [in which Bhahmx himself as well as all nature fades 
away then] tho Earth itself is reduced to a state of nonentity. 

63. That extinction which is daily 

Aro four-fold. ^ , . . . . j i • 

takmg place amongst created bemgs is 
called the Dainandina or daily extinction. Tlie BuXiima ex- 
tinction or deluge takes place at the end of BraumX's day : 
for all created beings are then absorbed in Brahmins body. 

64. As on the extinction of Brahma himself all things aro 
dissolved into nature, wise men therefore call tlmt dissolution 
tho PKAK9.iTfKA or resolution into nature. Things thus in a 
Htato of extinction having their destinies severally fixed aro 
again produced in separate forms when nature is excited (by 
the Creator). 

65. The devout men, who have destroyed all their virtues 
and sins by a knowledge of the soul, having abstracted their 
minds from worldly acts, concentrate their thoughts on the 

Ilcrc, by subsUtuling the values of tho 24 sinoe statod in the Gl (riTA'DnA'TA 
wo lioTe 

A =- 80|g Tis. the diameter of the globe where the circumference &= 96. L. W. 

[ilcre, tho domonstration of tho rule (nitiltiplj the superficial area of tho 
spiioro by tho diiinictcr and divide the product by 6) for finding out the solid 
contont of the sphere is shown by BnA'SKiBA'onA'nTA in the foUowing manner. 

Suppose in the sphere the number of pyramids, the height of which is equal 
to the radius and whose bases aro squares having sides equal to 1, equal to the 
number of the superficial area of the sphere, tlicu 

The solid oonteuts of every pyramid =^ | R. 

s=*^ dbmeter 
and the number of pyramids in tho sphere is equal to tho number of tho 
superficial contents of tho sphere. 

.*. Tho solid content of the sphere =» } diameter >< superficial area.— B.D.] 
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Supreme Being, and after tlioir death, as tliey attain the state 
from which there is no return, the wise men therefore denomi- 
nate this state the Atyantika dissolution. Thus the dissolu- 
tions are four-fold. 

66. The earth and its mountains, 

The uniYorse. , /^ i -• -r^ -. 

the Gods and Danavas, men and 

others and also the orbits of the constellations and planets 
and the Lokas which, it is said, are arranged one above the 
other, are all included in what has been denominated the 
BrahmInda (universe). 

Dimonsiona of the Bbah- ^^^ ^omo astronomers have assort- 
ma'niia. od the circumference of the circle of 

Heaven to be 18,712,069,200,000,000 Yojanas in length. 
Some say that this is the length of the zone which binds the 
two hemispheres of the BrahmjCn^a. Some PaurXnikas say 
that this is the length of the circumference of the Ijok/^loka 
Paevata.* 



* Vide Yerses 67,68,69, Bha'bkara'oha bta doea not answer the objection which 
theae Tenea aupply to hia theory of the Earth being the centre of the ajatem. 
The Sun ia here made the principal object of the ayatem — the centre of the 
Bbahma'npa — the centre of light whoae boundary ia auppoaed fixed : but if the 
Sun movea then the Hindoo Bbahha'nda must be auppoaed to bo conatantly 
changing ita Boundariea. Subbuji Bapu had not failed to uae thia argument in 
favour of the Newtonian ayatem in liia S'lBOMA^ri PdakaVa, vide pagea 65, 56. 
Bua'ska&a'oha'bta however deniea that he can father the opinion tliat thia ia 
the length of the oircumferenoe limiting the B&aeiica'npa and (hua aarea liiui- 
aclf from a difllcuUy. L. W. 

[Mr. Wilkuiaon haa tliua shown the objection which Subbiijo Bapu made to 
the asaumption of the Sun'a motion, but I think that the objection ia not a 
iudicioua one. Becauae had the length of the circumference of the BRAnuA'NOA 
been changed on account of the alteration of the boundary of the Sun'a ligiit 
with him, or had any aort of motion of (lie atara been aaaumed, aa would haro 
been granted if the earth ia auppoaed to bo fixed, tlien, the inconvenience would 
hafc occurred $ but thia ia not the caae. In fact, aa we cannot fix any boundary 
of the light which iaauod from the aun, the atated length of the cireuniferonco 
of the BjiAUMXN^A ia an imaginary one. ITor thia roaaon, BiiXsKAUAOifABYA 
doea not admit tliia atated length of the cirouniforence of the Buaiiua'niia. 
He atated in liia Ga^ita'diitata' in the commentary on the verse 6dth of tliia 
Chapter that ** thoae only, who have a perfect knowledge of the BBAHUAlr^A 
aa they have of an a'nyala' fruit held in their palm, can aay that thia length of 
the circumference of the Bbauma'mpa ia the true one ;*' that ia, aa it ia not in 
man*a power to ^ any limit of the Bbahm a'h^a, the aaid limit ia unreasonable. 
Therefore no objection can be posaibly mode to the ayatem that the Stni moves, 
by aasuming such an imaginary limit of tho BHAnulvnA which ia little load 
impoaaible than the exiatcuce of the heavenly lotua. — B. 1).] 
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08. Those, however, who have had a most perfect mastery 
of the clear doctrine of the sphere, have dechired that this is 
tho length of that circumference bounding the limits, to which 
the darkness dispelling rays of the Sun extend. 

69. But let this be the length of the circimiference of tho 
BfiAHHiCNDA or not : [of that I have no sure knowledge] but it 
is my opinion that each planet traverses a distance correspond- 
ing to this number of Yojanas in the course of a Kalpa or 
a day of Brauh^ and that it has been called the KnAKAKSui by 
the ancients. 

End of third Chapter called the Bhuvana-kos'a or cosmo- 
graphy. 



CHAPTER IV. 

Called Madhya-gati-vasana. • 

On the princijilos of tits Rules for finding tlie viean places of 

the Planets. 

rincos of iho fiovoral 1. Tlio Rovou [graufl] winds have 
^'"*'"- thus been named : viz. — 

1st. The Avaha or atmosphere. 
2nd. The Pravaha beyond it. 
3rd. The Udvaha. 
4th. The Samvaha. 
5th. The Suvaha. 
Cth. The Parivaha. 
7th. The Parivaha. 

2. The atmosphere extends to the height of 12 Yojanas 
from the Earth : within this limit are the clouds, lightning, &c. 
The Pravaha wind which is above the atmosphere moves con- 
stantly to tho wostwai-d with uniform motion. 

3. As this sphere of the universe includes the fixed stars 
and planets, it therefore being impelled by the Pravaha wind, 
is carried round with the stai'S and planets iu a constant 
revolution. 
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An illustration of the 4. Tho Plonots moving eastward 
motion of the planeto. j^ ^,^^ Hoavons with a slow motion, 

appear as if fixed on accomit of the rapid motion of the sphere 

of the Heavens to the west, as insects moving reversely on a 

whirling potter's wheel appear to be stationary [by reason 

of their comparatively slow motion] . 

Sidereal and teireetrial 5. If a star and the Sun rise simulta- 
dajs and their lengtUa. ^^^^|y (-^^ ^^^ j^^-j^ ^,^^ ^^^^ ^^ 

rise again (on the following morning) in 60 sidereal gratik^s : 
the Sun, however, will rise later by the number of asus (sixths 
of a sidereal minute), found by dividing the product of the 
Sun's daily motion [in minutes] and the asus which the sign, 
in which the Sun is, takes in rising, by 1800 [the number of 
minutes which each sign of the ecliptic contains in itself] . 

G. Tho time thus found added to the GO sidereal oirATiKAS 
forms a true terrestrial day or natural day. TJie length of 
this day is variable, as it depends on tho Sun's daily motion 
and on the time [which different signs of the ecliptic take] 
in rising, [in diflTerent latitudes : both of wliich are variable 
elements] .* 

* [Had the Sun mofing with uniform motion on tho equinootial, tho 
each uiiuute of which rises in each ksv, the number of asus C(}ual to 
the number of the minuter of the Sun'i duiljr motion, bchig added to 
the GO sidereal aniTiEAS, would have inrariabl/ made the exact length of the 
true terrestrial day as LalIiI and othera sajr. But this is not tho oasi), boc4iu:u) 
the Sun moyes with unequal motion on the ecliptic, the equal portions of which 
do not rise in equal times on account of its being oblique to the equinootionul. 
Therefore, to find the exact length of tiie true terrestrial day, it is necessary to 
determine the time which the minutes of the Sun's daily motion take in rising 
and then add this time to 60 sidereal ankjiKji's, For this reason, the terres- 
trial day determined by Lilli and others is not a true but it is a moan. 

Tho difierenoo between tho oblique ascension at the beginning of any given 
day, and that at the end of it or at the beginning of the next day, is the time 
which the minutes of the Sun's motion at the day above alluded to take in 
rising, but aa this eannot be easily determined, the ancient Astronomers having 
determined the periods which the signs of the ecliptic take iu rising at a given 
pkce, find the time which any portion of a giyeu sign of the ecliptic takes in 
rising, by the following proportion. 

If 80o or 1800' of a sign : take numbor of tho A8U8 (which any given sign 
of the ecliptic takes) in rising at a giren place : : wlmt time will any portion of 
tho sign aboTo alluded to take iu rising P 

The calculatiou which is shown in the 5tli forso depends on this proportion. — 
B. D.] 
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RoTolutionsoftheSanin ^- ^ sidoroal day consists invari- 
a year are lew than the ably of 60 sidereal QmriKXB : a mean 
rerolutions of start by one. . _ - i « 

8AVANA day of the Sun or terrestrial 

day consists of that time with an addition of the nomber of 
ASUS equal to the number of the Sun's daily mean motion 
[in minutes] . Thus the number of terrestrial days in a year 
is less by one tlian the number of revolutions made by the 
fixed stars. 

8. The length of the (solar) year is 

Longthof .olaryear. ggg ^^^ jg qHATIkXs, 30 PALAS, 22* 

YiPALAS reckoned in BHt^Mi savana or terrestrial days : The 
i^th of this is called a saura (solar) month, viz. 30 days, 26 
QHATiK^s, 17 PALAS, 31 viPALAS, 52^ PRAviPALAs. Thirty 
SiCvANA or terrestrial days make a sXyana month.* 

Length of lunar month 9. The time in which the Moon 
r una ion. [after being in conjunction with the 

Sun] completing a revolution with the difference between the 
daily motion and that of the Sun, again overtakes the Sun, 
(which moves at a slower rate) is called a Lunar month. It is 
29 days, 31 GiiatJ^^^s, 50 palas in length. f 

Tlio reason of addiiifo ^0. An AnuiiiisA or addltivo month 
moathfcaUod Amima'sis. ^i^j^ jg lunar, occurs in tho duration 
of 324 SAURA (solar) months found by dividing the lunar month 
by the difference between this and the sausa month. From 



* [Here a solar year consists of 866 dajs, 16 aHATixXs. 80 pilas, 22i 
VIPALA8, i. e. 866 d. 6 A. 12 m. 9 «. and in S(;aTA-6iDDHA'irTA the length of the 
year is 866 ({. 16^. 81 p. 81. 4 o. L e. 866 ({. 6 A. 12 m. 86. 66 «.— B. D.] 

St That lunar month which ends, when the Snn is in Mkha stellar Aries is 
pd OHAiTBA and that which terminates when the Sun is in y^uhabiia stellar 
Tanrns, is called YAiSAKnA and so on. Thus, the lunar months corresponding 
to the 12 stellar signs Mian a (Arias) Y^isnABnA (Taurus) MiTnnKA (Gemini) 
Kabka (Cancer), Sinha (Leo), Kanta' (Virgo), Tula' (Libra), TBts'ouiKA 
(Scorpio), DnAHU (Sagittarius), Makaba (CapHconnis), Kumbha (Aquarius) 
and Mill A (Pisces), arc Cuaitiia, Vais'a'rktta, JrisnTKA, A'snA'i^UA S'raVa^Ai 
Bua'DRAPADA, AVwiNA, Ka'RTIKA, MA'ROAS'fltSUA, PAUsnA, Ma'oua, and 
PnALGUKA. If two hmar months terminnte when tho Sun is onh in one stellar 
sign, the second of these is called AnniMA'sA an additifo month. Tho 80th 
part of a lunar month is called Tithi (a lunar day).— B. P.] 
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this, the number of the additive months in a kalpa may also 
be found by proportion.* 

11. As a mean lunar month is sht^rter in length than a 
mean saura month, the lunar months are therefore more in 
number than the saura in a ralpa. The difference between tho 
number of lunar and saura months in a kalpa is called by 
astronomers the number of Aduim Asas in that period. 

The reason of Bubtraoiife l^* An AVAMA or sub tractive day 

day called AtaMA. ^j^j^i^ jg SAVANA OCCUrS in Q^^ TITRIS 

(lunar days) found by dividing 80 by tho difference between 
the lunar and sivANA month. From this, the number of avakas 
in a TUQA may be found by proportion.f 

1 S. j: If the AdhimIsas are found from saura days or months, 
then the result found is in the lunar months, [as for instance 
in finding the Aharyana. If in the saura days of a kalpa : aro 

* [After the oommencement of a tvoa, a lunar month terminates at tho 
end of Amata'bta' (now moon) and a sauba month at the mouu yuisiiabua- 
bavkba'nti (i. e. when the mean Sun enters tho sooond stellar sign) wliicli takes 
place with 54 ^. 27 1>. 81 v. 62| p. after the new moon. Afterwards a second lunur 
month ends at the 2nd new moon after which the Mitddna-bankra'hti takes 
place with twice the Ohatis. &o. above mentioned. Thus the following San- 
kra'mtis karka &e. take place with thrice four times &o. those GnATis, &c. In 
this manner, when the Savkba'mti thus going forward, again takes place at new 
moon, the number of the passed lunar months exceeds that of the bauba bj ono. 
This one month b called an additire month : and the satjba months which an 
additire month requires for its happening can be found by the propoHion as 
follows. 

As MgkatU^ 27 p. &o. the difference between a lunar and a saura 

t One saura month 

: : 29, 81, 60 the number terrestrial day &e. in a lunar month 

: 82, 16, 81, &0. the number of saura months, dajs,&e. — B. D.] 

t [At the beginning of a kalpa or a tuoa, the terrestrial and lunar 
days begun simultaneously, but the lunar day being less than the terrestrial day, 
t4>rminated before the end of the terrestrial day, i. e. before the next sun -rise. 
The interral between the end of the lunar day and the next sunrise, is called 
Ayama-b'sbha the remainder of the subtraetiTe day. This remainder increases 
every day, therefore, when it is 60 GuAjiKiB (24 honrs), this constitutes a 
Ataha day or subtraoti? e day. The lunar days in which a subtraoti? e day 
occurs, are found by the following proportion. 

If 0<2.2Sy. 10 j». the difference between the lengths of terrestrial and of a 
lunar month. 

: 1 lunar month or 80 tithis 

: : a whole terrestrial day : Q^^i\i\i\% nearly. — B. D.] 

} The objects of these two Terses seems not to be more tlian to assert that 
the fourth term of a proportion is of the same denomination as the 2nd. — jU W. 
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so uiaiiy Adiiim^sas : : thou iii givou nuiubor of solar days ; 
how many AdhimXsas ?] If tho AdhimjCsas are found from 
lunar days or mouths^ then the result is in sauba months^ and 
the remainder is of tho like denomination. 

14. [In liko manner] tho avamas or subtractive days if 
found from lunar days^ are in sjCvana time : if found from 
sivANA time they are lunar and the remainder is so likewise. 

Aqncetion. ^^' ^^^^^ ^ Astronomor, in find- 

ing the AnABGA^JA do you add saura 
months to tho luimr months Chaitka &c. [which may have 
elapsed from tho commencement of the current year] : and 
tell me also why the [fractional] remainders of Adhimasas and 
AvAMA days ai*o rojoctod : for you know that to give a true 
result in using tho rule of proportion, remainders should bo 
taken into account ? 

Reason of omitting to in- l^.* As the lunar month ends at 
elude the AdhimAba b'bsha the chanffo of the Moon and tho 
in finding the Auaaoa^a. ° _ . i i « 

SUARA month tormmates when tho Sun 

enters a stellar sign, the accumulating portion of an Adhim^sa 

always lies after each now Moon and before the Sun outers tho 

sign. 



* TThe meaning of theeo 4 yeraes will be well understood by a knowledge of the 
rule for finding the AHARaA^rA, we therefore show the rule here. 

In order to find the Ahabgaka (elapsed terrestrial dajs from the oommenne- 
nicnt of the Ealpa to the required time) astronomers multiply the number of 
BAUBA years expired from the beginning of the Ealpa by 12, and thus they get 
tho number of baura months tul tho last Mbsua Sankranti (that is, the time 
when tho Sun enters the 1st sign of tho Zodiao called Aries.) To tlicso months 
they add then the passed lunar months Giiaitra &o., considoriug them as SAUBA. 
These sauba months become, up to the time when the Sun enters the sign of tho 
Zodiao corresponding to the required lunar month. They multiply then the num- 
ber of these months by 80 and add to this product tho nnmber of tho passed 
T1THI8 (lunar days) of the required month oonsidoring them as BAUBA days. The 
number of sauba days thus found becomes greater than that of those till the 
end of the required tithi by the aduihaba s'^tha. To make these sauba days 
lunar, thoy dctcrmino tho elapsed odditiyo months by tho proi)ortion in tho 
following manner 

As the number of SAUBA days in a Kalpa 

: the number of additive months in that period 
: : the nnnibor of SAUBA days just found 
: tho number of additive months ula[>scd 

K 2 
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17. Now tlio number of tithis (lunar days) olapsod since 
the change of the Moon and supposed as if sauba, is added to 
the number of sauka days [found in finding the Ahargana] : 
but as this number exceeds the proper amount by the quantity 
of the AdhimXsa-s'esha therefore the AdhimXs-sbsiia is omit- 
ted [to be added] . 

18. [In the same manner] there is always a portion of a 

Avama-s'bsha between the time of sun-rise and the end of the 

[preceding] tithi. By omitting to subtract it, the Ahargana 

is found at the time of sun-rise : if it were not omitted, tlio 

Ahabgai^a would represent the time of the end of the tithi 

[which is not required but that of the sun-rise] . 

19, 20, 21 and 22. As the true, 
BeMon of the oorreotion ' ^ 

called the UdatIhtaba terrestrial day is of variable length, the 

Ahargana has been found in mean 

torrosfcrial days: the places of the planets found by this 

Ahargana when rocfcifiod by the amount of the correction 

oallod the UdayXmtara whether additive or subtractivo will bo 

found to be at the time of sun-rise at Lank!.* The ancient 

If these additiTe montha with their remainder be added to the bauba daji 
above found, the sum will be the number of lunar days to the end of the BikUUA 
days, but we require it to the end of the reouired tithi. And as the remainder 
of the additire months lies between the end of the tithi and that of its corre- 
sponding BAUBAdavB, they therefore add tho whole number of AdhiuXsas hist 
found to that of the bauba days omitting the remainder to find the lunar days 
to the end of the required tithi. MoreoTer, to make those lunar days terrestrial, 
thej determine Ataka subtraotiTe days by the proportion such as follows. . 

As the number of lunar days in a Kalpa 
I the number of subtraotire days in that period 

I t the number of lunar days just found 
t the number of Avama elapsed with their remainder. 

If these Ataxab be subtracted with their remainder from the lunar days, the 
difference will be the number of the Ataxa days ehipsed to the end of the requir- 
ed tithi { but it is required at the time of sun-rise. And as the remainder of the 
subtraotiTe days Uee l^ween the end of the tithi and the sun-rise, they therefore 
subtract the Atamab abore found from the number of lunar days omitting their 
remainder L e. AtamaVjmha. Thus the AHABOAtrA itself becomes at the sun- 
rise.— B. D.] 

* [If the Sun been moying on the equinoctial with an equal motion, tho 
terrestrial day would have been of an invariable length and consequently the 
Sun would haye reached the horison at LankX at the end of the Ahabqa^a 
which b an enumeration of the days of inyariable length that is of the mean 
terrestrial days. But the Sun mofes on the eoUptlc whose equal parts do not 
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Astronomers havo not thus rectified the places of the planets 
by this correction, as it is of a variable and small amount. 

The difference between the number of Asus of the right 
ascension of the mean Sun [found at the end of the Auabqana] 
and the number of asus equal to the number of minutes of 
the mean longitude of the Sun [found at the same time] is 
the difference between the true and mean ahaboanas.* Mul- 
tiply this difference by the daily motion of the planet and 
divide the product by the number of ASUS in a nycthemeron.f 
The result [thus found] in minutes is to be subtracted from 
the places of the planets, if the asus [of the right ascension 
of the mean Sun] fall short of the kaljCs or minutes [of the 
mean longitude of the Sun], otherwise the result is to be 
added to the places of the planets. Instead of the right as- 
cension, if oblique iikscension be taken [in this calculation] 
this Udatantaba correction which is to be applied to the 
places of the planets, includes also the chasa correction or 
the correction for the ascensional difference. 

Besflon of tlio oorreoiion 23. The places of the planets 
called U.0 DjmVutaba. ^^^^^ ^^^ ^.^^^^j ^^:^^ roctiliod by 

this UdatAktaba correction at the time of sun-rise at Lank^ 
may bo found, being applied with tho Desantaba coiTcction, 
at the time of sun-rise at a given place. This Desantaba 
correction is two-fold, one is east and west and the other 



rise in equal periods. For this reason, the Sun does not come to the horizon at 
JjkVKk! at the end of the Aharoa^a. Therefore the places of the planets 
dotorinuied hj the mean Aharoa^a, will not be at the sun-rise at LAKKA^ Henoe 
a correction is necessary to be applied to the places of the planets. This 
correction called UdatXntaba has been first invented bj BhAsharaouArta who 
oonsequentlj abuses them who saj that the places of the planets determined bj 
the moan Aharga^a become at the time of the sun-rise at LankX.— B. D.] 

* The di/Torenoe between tho mean and true AnAROA^As is that part of 
tho equation of time which is due to the obliquitj bj the ecliptic — L. W. 

t [This calculation is nothing else than tho following simple proportion 
If the number of Asus in a njothcu\prou 
! daily motion of the planet 
: : the diflferonce between the true and moan Auauoa^as 
giTO.— B. J).] 
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is north and south. This north and south con*oction is callod 

CHARA. 

24. The line which passes from Lakk^ TJjJAYiNf, Kuru- 
KSHBTRA and other places to Mbbu (or the North Pole of the 
Earth) has been denominated the Madhyabbkh^l mid-Une of 
the Earthy by the Astronomers. The sun rises at any place 
east of this line before it rises to that line : and after it has risen 
on the line at places to its west. On this account^ an amount 
of the correction which is produced from tlie difference be- 
tween the time of sun- rise at the mid-lino and that at a given 
place, is subtractive or additive to the places of the planets, 
as the given place be east or west of the mid-line [in order 
to find the places of the planets at the time of sun-rise at the 
given place] . 

25. As the [small] circle which is described around Mbru 
or North Pole of the Earth, at the distance in Yojanas reckon- 
ed from Mbru to given place and produced from co-latitudo 
of the place [as mentioned in the verso 50th, Chapter ill.] 
is called rectified circumference of the Earth (parallel of latitude) 
[at that place] therefore [to find this rectified circumference], 
the circumference of the Earth is multiplied by the sine of co- 
latitude [of the given place] and divided by the radius. 

End of 4th Chapter called Madhya-Oati Vasana. 



* Thii amount of oorreotion U detormined in the following manner. 

Tlie TOJAirAS between the midline and the given place, in the parallel of 
latitude at that place, which ia denominated SpAsnTA-PABiDHi ara called, 
Dss'a'ntaba yojanas of tliat place. Then bj the proportion. 

As the number of yojanab in the Spasuta-fauidui : GO auATiKAS : : Dbsa'n- 
TABA T0JAKA8 : the difference between the time of 6un*riae at miiUiiie and tliat 
ot a gi?en place. Thia difference callod Dbs'a'mtaba auATiKA's ia tlio longitude 
in time east or west from LAlfKA^ Again 

As 60 onATiKA'fl : daily motion of the planet : : DBflANTA'BA qhatika's : 
the amount of the correction required. 

Or this amount can be found by using the proportion only once such as follows 

As the number of tojanaS in the Spasuta-pabidiii : daily motion of the 
planet: : Dbs'XntabA.tojanas : the same amount of the corruotiou above 
found.- B. D.] 
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CHAPTER V. 

On tliepniidples on which ilw Rules for finding the true 
places of the Planets are grounded. 



On iho canon of Bines. 



1. The planes of a Sphere are 
intersected by sines of bhuja and 
KOTi,* as a piece of cloth by upright and transverse threads. 
Before describing the spheric^ I shall first explain the canon 
of sines. 

. 2. Take any radios^ and suppose it the hypothenuse (of 
a right-angled triangle). The sine of bhuja is the base, and 
the sine of koti is the square root of the difference of the 
squares of the radius and the base. The sines of degrees of 
BHUJA and KOTI subtracted separately from the radius will 
be the versed sines of koti and bhuja (respectively). 



[• Tlio nnuJi of any giren arc is that arc, less than 90% the sine of which 
is equal to the sine of that giyen arc, (the consideration of the positiyencss and 
nc^itiion of tho sino is hero nt^glooUMl). For this reason, the vilUJA of that 
arc which tcrnunatcs in tho odd quadrants i. e. tho 1st and 8rd is that part 
of tho given arc which falls in tho quadrant whero it tcmnna(«s, and tho 
nnuJA of tho arc which ends in tho ovon quadrants, i. o. in tho 2nd and 4th, 
is that aro which is wan(4xl to complete the quadrant where the given aro is 
ended. 

The KOji of anj aro is the complement of the bhuja of that aro. 



Let the 4 quadrants of a circle 
A D G D be successiyelv A B, B 
C, C D and I) A, then the bhujas 
of Iho arcs A P„ A B \\, A C 1\, 

A J) i\ will bo A r„or„or„ 

A 1*4 and tho complements of 
these nuiTJAS aro tho arcs B P,, 
B i\, D r„ 1) i\ respectively.- 
B. D.] B| 
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Translation of (ho 



[V. 3. 



3. Tho versed sine is like the arrow intersecting tlie bow 
and the string, or the are and the sine.* 

The square root of half the square of the radius is the sine 
of an arc of 45*. The co-sine of an arc of 45* is of the same 
length as the sine of that arc. 

* These methods are grounded upon the following principles, written by 
BuL'sKkUAfoukUYA^ iu the oommentary yA8ANA'-DHA.'8HTA. 

(1) Lei the are A B = 90* and A = 

.*. A D (= i A B) = sin. 4&^ ; and let 
O A or O B = the radius (R) then A B« 
= OA'+OB» = 20A«=2E* 

... A B = \/2B^ 
and A D = I A B = \/^ 



or sin. 46« 



-yf- 




(2) It is Of idont and stated also in tho Liri^'VATr, that tho aide of a rogular 
hexagon is equal to the radius of its circuniscribnig circle (i. o. cli. GO^ = U). 
llenoe, sin. 80* = i B. 

(3) Let A B be the half of a gifon aro A P, whose sine P BC and yersod sine 
A M are giren. Then 



AP=\/PM«+AM» 
and i A P = A N = sin. A B 

.-. sin. A B = i \/p M* + A W 

(4) The proof of the last method bj Algebra 
COS B= B — Tersod sino 

/. COS* =» B« — 2 B . « + V* 
subtracting both sides fromB*, 

R"— COS* = 2 R . « — «• 
or sin.* = 2 B . » — t»* 

adding v* to both sides 

sin.* + »*= 2 R . « 
and i (sin.* + v") = * R . • 

oitruoting the squaro root, 

i^siu.» + 0«=: ^tR.D 

but by the preoedmg method 

^ /su).* -f *' = ^he sine of half the giren aro ; 




sin. i aro 



-J' 



I R . t.-B. D.] 
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4« Half tlic radius is the siiio of au arc of 80^ : The 
co-sine of an arc of 30* is the sine of an arc of 60®. 

Half the root of tho sum of the squares of the sine and 
versed sine of an arc> is the sine of half that arc. 

5. Or^ the sine of half that arc is the square-root of half 
the product of the radius and the versed sine. 

Tho sines and co-sinos of the halves of the arcs before found 
may thus be found to any extent. 

6. Thus a Mathematician may find (in a quadrant of a 
circle) 3, 6^ 12^ 24 &c.^ sines to any required extent.* 

Or^ in a circle described with a given radius and divided 
into 360% the required sines may be found by measuring their 
lengths in digits. 

Beason of correction wbich 7.t As the centre of the circle of 

is required to find tho true .i i. ii l* r j.v rr j* 

from the mean place of a *"® Constellation of the Zodiac com- 
P^"«*^- cides with the centre of the Earth: 



* [When, 24 sines are to bo determined in a quadrant of a circle, the 8 sines, 
i. e. 12th, 8th and IGth, can be easily found by the method beregiyen for finding 
the sines of 46<>, 30<>, and the complement of 30<>, i. e. 60^. Then by means 
of these three sino^, tho rest onn bo found by tho method for finding tho sine 
of half nn arc, as follows. l<*rom tho 8th sine, the^tli and the co-sino of the 4th 
i. e., tho 20th sine, can bo detormined. Again, from the 4th, tho 2nd and 22nd, 
and from tho 2nd, tho 1st and 23rd, can be found. In like manner, tho 10th 
14th, 6ih, lULh, 7tli, I7lh, 1 1th, and 18th, can also be found from the 8th sine. 
From the 12th again, the Gth, 18th, 8rd, 21st, 9th and 15th can be determined, 
and the radius is the 24tli sine. Thus all tlie 24 sines are found. SeTcral 
other methods for finding the siuea will be giTon in the sequeL — B. D.] 

Qt BnA'sKABA'cuA'BTA maintains that the Earth is in the centre of the 
tJniTerse, and the Sun, Moon and the fire minor planets. Mars, Mercurr, &c. 
rcvol?o round the Earth in circular orbits, the centres of which do not coincide 
with that of thq Earth, with uniform motion. Tlie circle in which a planet 
rcToWcs is culled pRATiYfiiTTA, or excentrio circle, and a cirole of the same size 
which is supposed to haTO the same centre with that of the Earth, is called 
Kaksha'tritta or concentric circle. In the circle, the planet appears to revoWe 
with unequal motion, though it rcToWes in the exeentrio with equal motion. 
The place where the planet reyolTing in the exeentrio appears in the concentric 
is its true place and to find this, astronomers apply a correction called manda- 
FiiALA (1st equation of the centre) to the mean place of the planet. A mean 
planet thus corrected is called manda-BFA8hi*a, the circle in whidi it reToWes 
MANi>A-ruATfT9,iTTA (Ist cxcentrio) and its farthest point from the centre of the 
concentric, MAifi>ooncH (1st higher Apsis). As the mean places of the Sun and 
Moon when corrected by 1st equation become true at the centre of the Earth, 
this correction alone is sufllcient for them. But the five minor planets. Mars, 
Mercury, &c. when corrected by the 1st ecjuation are not true at the centre of 
the Earth. but at another place. For this reason, astronomers bavbg assumed 
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and the centre of the circle in which the planet revolves does 
not coincide with the centre of the Earth : the spectator, 
therefore, on the Earth does not find the planet in its mean 
place in the Zodiac. Hence Astronomers apply the correction 
called BHUJA phala to the mean place of the planet [to get 
the true place] . 

Mode of illatiraiion of 8. On the northern side of a wall 
the aboYe fact. running due oast and west, let the 

teacher draw a diagram illustrative of the fact for tho satis- 
faction of his pupils. 

A Terse to enooursffe ibosa 9* But this science is of diviue 

."pSndTcLtqreri^^it Origin, revealing facts not cognizable 
difficultieeofthescienoe. fey the senses. Springing from the 

the concentrio circle at lecond ezcentrio of these Eie planets, take another 
circle of the same site and of the same centre with the Earth as concentric, and 
in order to find the place wliere the planet reToIring in the 2iid excenlrio 
appears, in this concentric, they apply a correction called b'^qiiua-piula, or 2nd 
equation of the centre, to the mean place corrected by tho Ist cqiiutiou. Tho 
MAN0A-SPA81ITA plaiiot, whon corrcctod by tho 2iid eijiiniion is cnllud ttVASiiTA, 
or true planet, the 2ndezoentiio, s'fanuA-PUATiYUiTTA, and its furthest point from 
the centre of the Earth, b'iqhroohoe the 2nd higher Apsis. 

If a man wishes to draw a diagram of the arrangement of the planets accord- 
ing to what we hare briefly stated here, he should first describe the excentrio 
circle, and through this ezcentrio the concentric, and then he may determine 
the place of the mahda-spabhta planet in the concentrio thus described. Again, 
ha?ing assumed the concentric as 2nd ezcentrio and described the concentrio 
through this 2iid ezcentrio, he may find the place of the true planet. This is 
the proper way of drawing the diagram, but astronomers commonly, having 
first described the ooncentric, and, through it, the oicentrio, find the corrected 
mean place of the planet in the concentric. Atler this, having described the 
2nd ezcentrio throuah the same concentric, they find tho true place in tho 
ooncentric, through tlie corrected mean place in the same. These two modes, 
of constructing the diagram difler from each other only in the respect, that in 
the former, the ooncentric is drawn through the ezcentrio circle, and in the latter, 
the ezoentric is drawn through the concentric, but this can easily bo understood 
that both of these modes are equiralont and produce the same result. 

In order to find tlie 1st and 2nd equations through a diflerent theory, astro- 
nomers assume that the centre of a small circle (Milled MloHOoaoiiA-yiiiTTA or 
epicyole, roTolvea in the concentrio circle with the mean motion of the plunot 
and the planet rerolves in tho epicyole with a reverse motion equal to tlie moan 
motion. Bo^'skaka^ou^'bta, himself will show in the sequel that the motion of 
the planet is the same in both these tlieoriea of ezcentrics and e|)icyoles. 

It is to be obserred here that, in the cose of the planets Mars, Jupiter and 
Saturn, the motion in the ezoentric is in fact their proper revolution, in their 
orbita, and the rerolution of their b'ioheoohoha, op ouick apogee, corresponds to 
A revolution of the Sun. But in the case of the planets Mercury and Venus, 
the rerolution in the ezcentrio is performed in the same timo with tho Sun, and 
the revolutions of their a'lQHSOOUOBAS are in fact their proper revolutions in 
their orbiU.— B. D.] 
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Biipromo BuAHMA himself ifc was brought down to tho Eartli 
by Vasishtha and other holy Sages in regular succession ; 
though it was deemed of too secret a character to be divulged 
to men or to the vulgar. Hence, this is not to be communi- 
cated to those who revile its revelations, nor to ungrateful, 
evil-disposed and bad men : nor to men who take up their 
residence with its professors for but a short time. Those 
professors of this science who transgress these limitations 
imposed by holy Sages, will incur a loss of religious merit, and 
shorten their days on Earth. 
^ . ,. , A' 10. In the first place then, de- 

Oonstrnction of a dia- ... 

gram to illustrate the ex- scribe a circle with the compass opened 

ce..tric theory. ^ ^^^ ^^^^^ ^^ ^^^ ^^.^ ^g^gg^ 

This is called the kakshav^itta, or concentric circle ; at the 
centre of the circle draw a small sphere of the Earth with a 
radius equal to ^^jth* of the mean daily motion of the planet. 

11. In this concentric circle, having marked it with 360*, 
find tho place of tho higher apsis and that of the planet, 
counting from the 1st point of stellar Aries ; then draw a 
(poq>eudicular) diameter passing through the centre of tho 
Earth and tho higher apsis (which is called uchoha-bekhX, 
tho lino of tho apsides) and di*aw another transverse diameter 
[perpendicular to the first] also passing through the centre. 

12. On this line which passes to the highest apsis from the 
centre of the Earth, take a point at a distance from the Earth's 
centre equal to the excentricity or the sine of the greatest 
equation of tho centre, and with that point as centre and the 
radius [equal to the radius of the concentric], describe the 
PRATiv^iTTA or excontric circle; the uchcha-bekha answers 
the like purpose also in this circle, but make the transverse 
diameter difierent in it. 



* All the TTindu Astronomers seem to eoiiicide in thinking that the horifontal 
psrnllnx faramalambana of all the pUnets amounts to a quantitj equal to 
-j^th of their daily motion. — L. W. 

F 2 
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13 and 14.* Where the uchcha-rekhA perpendicular dia- 
meter (when produced) cuts the excentrio circle, that is the 

• Fig. 1. 



\ '^Ni. 

\ * >w 

X— ^ -\^ 

. . / 

K P 7 



[ In fig. let lei B be the centre of the eonocntrio circle A B D, r the place 
of the stellar Ariea, A that of the higher a|>fiis, niul M tlint of tho moan plniiut 
in it: then K A will be tho uoiionA-iiKKiu (llio lino of the MpMiiKi*). Agnin 
let E O bo tho oxoontrioity and II F L O tho oxcoutrio whiuli has O for ita 
centre ; thon II, r P, will bo the plaoea of the higher apaia, the stellar Aries 
and the planet respeotiTely in it. Henoe U P will be the xxndba ; P £ the 
aine of the kbndba ; P I the co-sine of the xbkdba. 

The kbudra which ia more than 9 aigns and lesa than 8 ia called vrioAdi 

Si. e. that which terminatea in the aix signs beginning with Caprioomus) and 
lat which ia abore 8 and leaa than 9 is called xabxtadi (i. e. that which ends 
in the six signs beginning with Cancer). 

Thus (Fig. 1) that which terminates in G H F is umiGADl xbkpba, and 
that which ends in F L is Kaekta'j)!.— B. D.] 
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ploco of tlio Iilghor apsis in ifc nlso. From tkifl mark the first 
stellar Aries^ at the distance in degree of the higher apsis 
in antocedontia : the place of the planet must be then fixed 
counting the degree from the mark of the 1st Aries in the 
usual order. 

The distance between the higher apsis and the planet is call 
ed the kendra.* The right line let fall from the planet on the 
ucnciiA-REKiU is the sine of buuja of the kendra. The right 
line falling from the planet on the transverse diameter is the 
cosine of the kendra^ it is upright and the sine of bhuja is a 
transverse line. 

Tho nriiioiplo on wliicU 15. As the distance between the 
ilunto'f .?j;uiSi,..t;: diameters of the two circles is equal 
»»l>»«^' to the excentricity and the co-sine 

of the KBNDRA is above and below the excentricity when the 
KENDRA is MRiQADi and karktXdi (respectively) .f 

* The word Kbndba or centre is eridenilj deriTed from the Qreek word 
Kwrpov and meant the true centre of the planet— L. W. 

t [In (IHg. 1) V K ifl tho srifUTA koti and F E tho kah^ia (tho liy|)othonuiio) 
which cute tho coiicciilrio at T. Uence the point X will be the apparent place 
of the planet and T M the equation of the ocntre. 

This equation can be determined as follows. 

Draw M n per|>endicular to B T, it will be the sine of the equation and the 
triangle P M » will be similar to the triangle P B K. 

.*. PB:BEr=PKtMii| 

P K.B K 
hence M m s= — — — — i— = sine of the equation i 
PB 

BO.BK 

,forPM»IK:==BO 



PB 

Now, let 1e = kbvdbi, a = the distance between the centres of the two 
circles exoentrio and concentric, sc = sine of the equation, and A ^ hjpothenuse : 
then the bfhuta koti s=: cos. ib Hh o, according as the Kihdba is mbioapi or 

KARKTADT, and h = v^8in;«T±"(oosTi ±'a)* 
hence by substitution 

a . sin. h a . sin. k 



\/8in.» * + (COS. * ± ay 
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16 and 17. Therefore the sum or difference of the co-sine 
and excentricity (respectively) is here the SPHUfA KOfi (i. e. 
the upright side of a right-angled triangle from the place of 
the planet in the excentric to the transverse diameter in the 
concentric,) the sine of the bhuja [of the kendra] is the 
BHUJA (the base) and the square-root of the sum of the squares 
of the sniUTA KOTT and bhuja is' called karna, hypothenuse. 
This hypothenuse is the distance between the Earth's centre 
and the planet's place in the excentric circle. 

The planet will bo observed in that point of tho concentric 
cut by tho hypothenuse. 

The equation of the centre is the distance between the 
mean and apparent places of the planet : when the mean 
place is more advanced than the apparent place then the 
equation thus found is subtractivo ; when it is behind the true 
place, tho equation is additive.* 

Tho rooBon for asaiiming 18. TIio moan planet movos in its 
i'irrag«nd HAKDA-PRATivprrA (first ezcentric) ; 
equation. the MANDA-SPASHTA planet (i. e. whose 

mean place is rectified by the first equation) moves in its 

s'lQHBA-PRATIVlQLITTA (sOCOud eXCOntric). The MANDA-SPASHTA 



It alto follows from this that, when oos. k is eqnal to a in the xarkya'di 
XBND1U, then h will be equal to sin. k, otherwise k will always bo greater tliini 
sin. k and consequent!/ w will be less than a. Hence, when h is equal to siu k, 
m will then be greatest and equal to a, i. e. the equation of the centre will be 
greatest when the hypothenuse is equal to the sine of the kbkdba, or when the 
planet reaches the point in the excentric cut by the transyerse line in the 
concentric. Therefore, the centre of tho ezcentric b marked at the distance 
equal to the excentricity from the centre of the concentric (as stated in the 
V 12th.)— B. D.] 

* [Tims, tho mean planet, corroded by tho 1st equation, 1>ccomes 
KANDA-BPABiiTA And this process is called the kanda. process. After this, 
the MANDA-8PA8HTA. whcu rectified by the Bi'anRA fhala, or 2nd equation, is 
the SPABHTA planet, and this 2nd process is termed the B'laHBA process. Both 
of these processes, manda-bpabh7a and bpashja are reckoned in the yihak- 
9 ALA or the orbit of the planet as hinted at by Bhabkaraohabta in the 
commentary called YABAKA-BnABHTA in the sequel. These places are assumed 
for the ecliptic also without applying any correction to them, because the 
ilL—B. D.~ 



correction required is yery small. — B. D.] 
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is tbcroforo bore assumed as the mean plauob iu the second 
process (i. e. in finding the second eqaation).* 

The rcMon for tlie inreii- 19- Tlie place in tlie concentric 
tion of the higher apsia. j^ ^j^j^j^ ^j^^ revolving planet in its 

own excentric is seen by observers is its true place. To find 
the distance between the true and mean places of the planet^ 
the higher apsis has been inserted by former Astronomers. 

20. That point of the excentric which is most distant from 
the Earth has been denominated the higher apsis (or 
ucucha) : that point is not fixed but moves ; a motion of the 
higher apsis has therefore been established by those con- 
versant with the science. 

21. The lower apsis is at a distance of six signs from the 
higher apsis : when the planet is in either its liigher or 
lower apsisj then its true place coincides with its mean 
place^ because the line of the hypothenuse falls on the mean 
place of the planet in the concentric. 

22. As the planet when in the higher apsis is at its 
greatest distance from the Earthy and when in the lower 

Thocnunoof vnrmJion of «4>*^i« ^^^ '^^» loast distlMlCO, thorofuro its 

iil)p,iici»iBi7.corii!iinui'Bdi8«. disc appears small and largo accord- 
ingly. ill like manner^ its disc appears small and largo accord- 
ingly as the planet is near to and remote from the Sun. 

23. To prevent the student from becoming confused^ 
I have separately explained the proof of finding the equation 
by the Prativritta Biiakqi of the diagram of the excentric. 
I shall now proceed to oxphiin the same proof in a different 
manner by the diagram of a NfcnocncHA-VBiTTA (epicycle). 



* [For this reason, hnying assumed the MiVDl*8Pl8nTA planet for the 
mean, which MAm>A-BFA8iii*A can be detertnined in the concentric bj describing 
the excentric circle ko, ihrougli the menu plnnct and mandoghcua, make the 
place of the stellar Aries from the uanda-spabuta place in the rererse order of 
the signs and then determine the place of the 8 lonBOCHOHA in the order of 
the signs. Through the places of the stellar Aries and 8'ianBOOHcnA describe 
the 2nd excentric circle &e. in the vrtkj mentioned before, and then find the 
place of the true planet in the concentric. — B. !).] 
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^ ^ ,. . rx' 24. Takinff the mean place of the 

Oonstruotion of Diagram ^ ^ 

to illustrate the thoor/ of planet in the concentric as the centre, 
*^ ^^^ ** with a radius equal to the excentricity 

of the planet, draw a circle. This is called NfciiocncnA 
VRiTTA or epicycle. Then draw a line from the centre of tho 
Eai'th passing through the moan place of tho planet [to the 
circumference of the epicycle] . 

25. That place in the epicycle most distant from the 
centre of the Earth, cut by the line [joining the centre of the 
Earth and mean place of the planet] is supposed to be the 
place of the higher apsis : and the point in the epycicle 
nearest to the Earth's centre, the lower apsis. In the 
epicycle draw a transverse line passing through the centre of 
it [and at right-angles to the above-mentioned line which is 
called here uchcha-bekhX] . 

26. As the mean planet revolves with its kendra-gati 
(the motion from its higher apsis) in tho 1st and 2nd epicy- 
cle marked with the 12 signs and 300 degrees towards tho 
reverse signs, and according to the order of the signs respec- 
tively from its higher apsis. 

27. Mark off therefore the places of the first and second 
KENDRAS or distances from their respective higher apsides in 
the manner directed in the last verse : the planet must be 
fixed at those points. [Here also] Tlie (perpendicular) lino 
from the planet to the uchcha-bekua is the sine of the buuja 
of the KENDRA : and from the planet on the transverse line 
is the cosine [of the kendra] .* fSee note next pagej 

To find the hypothenuse 28 and 29. The BHUJA PHALA and 

and the equation of centre. ^^^^ ^^j^j^ ^f ^^^^ ^WNDRA which aro 

found [in the GanitXdhtIta] are sine and cosine in the epicycle. 
As the KOTi PHALA is above the radius (of the concentric) in 
MRioADi kendra and within the radius in karktadi-ksndra, the 
sum and difference, therefore, of the koti phala and the radius 
is here the sphuta-koti (upright line), the bhuja phala is 
the bhuja (the base) and the karna hypothenuse (to complete 
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the right-angled triangle) is the line intercepted between the 
centre of the Earth and the planet. The equation of tlie 
centre is here the arc [of the concentric] intercepted between 
* Note on yenes from 24 to 27. 




[In fiff. 2, let A B C D be the concentric, Y the place of the steller Ariefl, E the 
centre of the Earth, M the mean place of the pbinet in the Concentric, h f I g^ 
the Epicycle, k the place of the higher apsis in it, B h the UOHCHA-EKKni' 
I the place of the lower ipsis, F tliat of the planet, h P the kehdkA, P k the 
sine of the kbndba and F i the cosine of it. 

The sine and oo-sine of the krkdra in the ej centric, reduced to their 
dimensions in the opicjcio in parts of the radius of the concentric, nre named 
BHUJA-FUALi aud BOTi-PHALA respectivelj in the GavitXdhtAta. That is 
As the radius or 860® of the ooncentrio 
; the sine and cosine of the kbndba in the excentrio 
: : exoentricitj or the periphery df tlie epicycle 
: buuja-puala and koti-fhala respecti?ely. 

Therefore the bhuja-poala and koti-praIiA must be equal to the sine and 
cosine of the kbbdba in the epicycle.— B. D ] 
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tbe mean place of the planet and the point cut by the hypo- 
thennse. The equation thus found is to be added or subtracted 
as was before explained.* 

30. The planet appears to move forward from mandochcha, 

CWruction of the mixed ^^ ^^^ ^>*^^^ ^P«^«^ ^^ "^^ excentric 
diagrams of the cxcentrio circle vrith its KENDRA-OATI (the mo- 
tion from its mandochcha) and in the 
order of the signs and to the East : From its si^ghrochcha^ 
2nd higher apsis, it moves in antecedentia or reversely, as 
it is thrown backwards. 

31 . When the epicycle however is used, the reverse of this 

takes place, the planet moving in antecedentia from its 1st 

higher apsis and in the order of the signs from its 2nd higher 

apsis. Now as the actual motion in both cases is the same, 

while the appearances are thus diametrically opposed, it must 

be admitted therefore that these expedients are the mere 

inventions of wise astronomers to ascertain the amount of 

equation. 

* In (Fig 2) B il is the bvbuta-xoti, F B the hjpothenuse, T the apparent 
place of the planet in the oonceiitrio and T H tlie equation of the centre. This 
equation can also be found bj the theory of the epiojole in the following 
manner. 

Draw T n perpendicular to B If, then T n will be the sine of the equation ; 
let it be denoted bj x, the xbndba in the excentric by k, the excentrioity by a, 
and the hypoihenuse by h : then 

B : sin I; s= a : P it the bhvja-phala 
a sin i- 

.•. the BHVJA-PHAIA c= — » 
B 

Kow, the trianglea B T » and B P it are similar to each other 
.'. BP:Pit==BT:Tfi 
or ib : P it s= B I m 

Pit )C B 
.,. j, = , 

h 
that is, the bhuji^phila multiplied by the radius and ditided by the hypothe- 
nuse is equal to the sine of the equation, 
a sin it 

But P it :=:= I 

B 
»*• by substitution 

a sin it B a sin it 
# = ' X — «= ■ > the sine of the equation as 

K h h 

found before by the theory of the excentric in the note on the rerses 16, 16 and 
17.-B. D.] 
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32. If the diagp^ms (of the ezcentrio and epicycle) be 
drawn unitedly, and the place of the planet be marked off iu 
the manner before explained, then the planet will necessarily 
be in the point of the intersection of the excentrio by the 
epicycle. 

33. [In illustration of these opposite motions, examine an 
oil-man's screw-press.] As in the oil-man's press, the wooden 
press (moving in tho direction in which the ballock fastened 
to it goes) moves (also itself) in the opposite direction to that 
in which the bullock goes, thus the motion of the planet, 
though it moves in the excentrio circle, appears in antece- 
dentia in the epicycle. 

34. As the centre of the 1st epicycle is in the concentric, 
Expluna wlij the $ minor let the planet therefore move in the 

lit^and IJid "^^eqaationt io concentrio with its mean motion : In 
their true places. the concentric [at that point cut by 

the first hypothenuse] is the centre of the si qhba niohochoha, 
v^UTTA or of the 2nd epicycle: In the second or s'iohba 
epicycle is found the true place of the planet. 

35. The first process, or process of finding the 1st equa- 
tion, is used in the first place, in order to ascertain tho position 
of the centre of the sfoHRA NfcHocHCHA v^iitta or of the 2nd 
epicycle, and the 2nd process, or the process of the 2nd 
equation, to ascertain the actual place of the planet. As these 
two processes are mutually dependent, it on this account 
becomes necessary to have recourse to the repetition of these 
two processes. 

36 and 37. Some say that the hypothenuse is not used in 

Explain. rea«,n of omia- *^® ^^^ process, because the difference 
aion of hypothenuse in the (in the two modes of Computation) 
MAWDi. process. . . -j ti i .^ .i . . 

IS mconsiderable, but others mamtain 

that since in this process the periphery of the first epicycle 
being multiplied by the hypothenuse and divided by the radius 
becomes true, and that, if the hypothenuse then be used, the 
result is the same as it was before, therefore the hypothenase is 
G 2 
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not employed. No objection is to be made why this is not 
the case in the 2nd process^ because the proofs of finding the 
equation are different here.* 

38. As no observ^er on the surface of the Earth sees the 

lUaionofNATAKABMA. P*^^^^ ™^^^^S ^^ ^'^® excentric, de- 
flected from his zenith, in that place 
of the concentric, where an observer situated at the centre of 
the Earth observes it in the eastern or western hemisphere, 
and at noon both observers see it in the same place, therefore 
the correction called Natakabma is declared (by astronomers). 
The proof of this is the same as in finding the parallax.t 



* [The BHUJA-PHALA, determined by meant of the sine of the first kxnbba of 
the planet (i. e. bv muUipljin^ it bj the peripherjr of the 1st epicycle and 
dividing it by 860o) has been talcen for the sine of the Ist equation or tlie centre : 
and what we have shown in the note on the Y. 28 and 29, that the bhuja- 
riiALA, when multiplied by the nulius and divided by the hy|M>thunuso, becomes 
the sine of the equation may be understood only for finding the 2ud equation of 
the ^SQ minor planeU and not for determining I he 1st equation* 

Some say that the omission of the hypothenuso in I ho Ut process has no 
other ground but the very inconsiderable difference of the result. But drahm a- 
GUPTA maintains that the periphery of the Ist epicycle, varies according to the 
hypothenuse } that is, their ratio is always the same, and the periphery of the 
1st epicycle, mentioned in the oa^itadhtAya, is found at the instant when the 
hypothenuse is equal to the radius. For this reason, it is necessary at first to 
find the true periphery through the hypothenuse and then determine the 1st 
equation. But, he declares that by so doing } also the sine of the equation 
beoomes equal to the buuja-phala as follows. 

As B : 1st periphery =s the hypothenuse : the true periphery 

V %h 

•'. the true peripheiT s= , and consequently tlte BUVJA-rniLA in 

K 

V % h sin it 

the true epioydle =» ■ % ; 

B 860» 

PXA %mh B 

•*. the sine of the 1st equation s= ■ x % — '^^ abridging =3 

B 860« A 

P . sin it 

■ which is equal to the bbuja-phala. Hence the hypothenuse is not 
860O 

used in the 1st process. 
B&AHM AG OPT A*s opinion is much approved of by BaA'sKABA'offA'RTA. — ^B. D.] 

t But this is not the oase, beoause the katakasm which BnA'sKARA'CHA^RTA has 
stated in the QamitauuyIta Ims no connection with the fact stated iu this 
b'loka and therefore many say that this b'ix>xa doea not belong to the 
teit.-B. D.] 
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39. Tlio moan motion of n planet is also its truo motion 

Explains where the mean ^'^^^ ^^^ P^*^®*' ^^~^^^« ^^^ P^^^*^ ^^ 

and truo motions of all the tlio Gxcentric cnt by the transYorse 
diameter which passes through the 
centre of the concentric : and it is when the planet is at that 
point that the amount of equation is at its maximum. [Lalla 
Iios erroneously asserted that the mean and true motions 
coincide at the point whore the concentric is cut by its ex- 
centric] * 

40. Having made the excentric and other circles of thin 

Manner of observing the pieces of bamboo in the manner ex- 
retrogression &c. of Planeto. p|^.j^^^ ^^f^^^^ ^^ j^^^^g changed 

the marks of the places of tho planet and its s'laiiuociiciiA 2nd 
liighor apsis with their daily motions, an astronomer may 
quickly show tho retrogressions, Ac.f 

• The ancient astonomers La.ll4, S'bipati Ac. say that the true motion of a 
planet equals to its mean motion when it reaches the point of intersection of the 
concentric an r1 excentric. But BnA'sKARA'cnABTA denying this, says, that when 
the planet reaches the point when the transverse axis of the concentric cuts 
tho ox(H3ntric and when the ninoiini of equation is a mnxmiuni, the truo motion 
of a planrt Inmumuos iM(uid to itx menu motion. For, supposo, |)„ ;;^, »„ Ao., 
arc tlie mean places of a planet found on sucocssivo days at sun-riso when the 
planet proceeded from its higlier or lower n]ms and 0,, tfg, e^^ Ac. are the amounts 
of equation, tliou|i ^± «„ p^t ± ^atPt "t ««, &o. will bo the truo places of the 
planet, 

••• Pa— Pi ± (^a-^t)f Pt-Pa ± K-'^«)i P4— Ps ± («4— «s). &c. will be the 
true motions of the planet on suncessive days. Now, as the difference between 
the true and mean motions is called the oatiphala, by cancelling therefore, 
Pa'—Pt P99-~Pa* ^- ^1^0 purls of the true motions which are equal to the mean 
motion, tlie remaining parts e^ — <?,, «, — e^ &o. will evidently be the OAtiphalas 
tliat is the dillerences between two successive amounts of equation are the 
QATiPiiALAS. Thn.4, it is plain that the oatipuala entirely depends upon tho 
amount of oqualion, but as tlie amount of eqnation increases, so the oatipuala 
is decreasetl and therefore when it is a maximum, the GATipnALA will indifintely 
be decreased i. e. will be equal to nothing. Now as the amount of equation 
becomes a ninximuni in that place where the tmnsverse <liameter of the con* 
centric circle cuts the excentric, (see the note on verses 15, 16 and 17) the 
OATIPUALA, therefore becomes equal to nothing at the same place, that is, in 
that very place, the true motion and mean motions of a planet are equal to each 
other, llnvinj; thus shown a proof of his own assertion, DhasKARa'oua'uya 
savs that what the ancient astronomers stated, that the truo and mean motions 
of a planet are equal to each other when the planet comes in the intersection 
point of the concentric and excentric circles, is entirely ungrounded. — B. D.] 

t According to the method above mentione<l, if the place of the higher ap^^is 
and that of the planet be changed, and the planet's place be marked, the motion 
of the planet will be in a path like the dotted line as shown in the diagram. 

See Diaff ram facing this pnpe. 
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41. The word kendua (or K€yTpoy) means the centre of a 

The reason of the inren. ^'^^^^ '' ^^ '^ ^" ^^^^ ^^^^^^ ^VV^'^^ 
tion of the ftppellaiiou of to the distance between the planet and 

KIHDEl.. 

higher apsis, for the centre of the 
NiCHOCHCHA-v^iTTA Or opicycle, is always at the distance of 
the planet from the place of the higher apsis. 

42. The circumference in yojanas of the planet's orbit 
SpnuTA-KAKBUA or oor- being multiplied by the sloniu-KARNA 

rectod orbit. ^^^ gnd hypothenuse), and divided by 

tho radius (3438) is sniiiTA-KAKBiiiC (corroctod orbit). Tho 
j)lanet is (that moment) being carried [round tho earth] by 
the PRAVAHA wind, and moves at a distance equal to half the 
diameter of the sphuta-kaksha from the earth's centre. 

43. When the sun's manda-phala i. e. the equation of the 
Reason of Buja'mtaua centre is subtractive, the apparent or 

real time of sun-rise takes place before 
the time of mean sun-rise : when tho equation of tho ccutro 
is additive, the real is after the mean sun-rise, on that account 
the amount of that correction arising from the sun's makda- 
PHALA converted into asus* of time has been properly declared 
to be subtractive or additive. 

44. Those who have wits as sharp as the sharp point of the 
inmost blade of the dorbha or darbha grass, find the subject 
above explained by diagmms, a matter of no difruMilty wliatovor : 
but men of weak and blunt understanding find this subject 
as heavy and immovable as the high mountainf that has been 
shorn of its wings by tlie thunderbolt of Indra. 

End of Chapter V. on tho principles on which tho rules for 
finding the true places of tho planets aro grounded. 

It b to be obaerred here that when the planet comes to the places a, a Ac. 
In the dotted line, it is then at its higher apsis, when it comes to the places e, 
e and 0, it is at its lower, and when it comes to b, b &o. it appears, stationary : 
and when it is mo?in[^ in the upper nrob a b, its molioa being direct appears 
quicker, and when in the lower aro 6 e 6, iu retrograde motion is seen.~B. D.] 

• [These A6U8 are equi?alent to that part of the equation of time, which is 
due to the unequal motion of the sun on the eelipiio. — JB. !>.] 

t Mountains are said bj Hindu theologians to luif e originally had wings. 
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CHAPTER VI. 

Called GoLABANDHA, OH tlie constinLction of an 
Arniillary Sphere. 

1. Iiet a mathematician^ wlio is as skilful in mechanics as 
in his knowledge of the sphere, construct an armillarj sphere 
with circles made of polished pieces of straight bamboo ; and 
marked with the number of degrees in the circle. 

2. In the fii*st place, let him mark a straight and cylindri- 
cal DHEXJVA-YASHTi, or polar axis, of any excellent wood he 
pleases : then let him place loosely in the middle of it a small 
sphcro to represent the earth [so that tho axis may move 
freely through it] . Let him then firmly secure the spheres 
beyond it of the Moon, Mercury, Venus, the Sun, Mars, 
Jupiter, Saturn and the fixed stars : Beyond them let him 
place two spheres called khaoola and disiiqqola unconnected 
with each other, and fastened to the hollow cylinders [in 
which tho axis is to lio inserted].* 

[Description in detail of the fact above alluded to.] 

3. Fix vertically tho four circles and another circle called 

„. .. . ,^ horizon transversely in the middle of 

The prime vertical, the "^ 

meridian and the Kot«AYBiT- them, 80 that one of those vertical 
''^*' circles called Samaman^ala, prime 

vertical, may pass through the oast and west points of tho 
horizon, tho other called YXMYOTTARA-VRfrrA, meridian tho 

* The sphere of the fixed stars which is mentioned here is called the bhaoola. 
starry sphere. This dmaoola is assumed for all the planets, instead of fixing 
a scfMirate spliere for each plnnet. This sphere consists of the circles ecliptic, 
equinoctial, diurnal circles, &c. which are moveable. For this reason, this 
sphere is to be firmly fixed to the polar axis, so that it may move freely by 
moving the axis. Beyond this sphere, the khagola celestial sphere which 
consists of tho prune vertical, meridian, horizon, &c. which remain fixed in a 
given latitude is to be attached to the hollow cylinders. Having thus separately 
fixed these two spheres, astronomers attach, beyond these, a third sphere iu 
which the circles forming both the spheres xqaOOLA and BHA€k>LA are mixed 
together. For this reason the latter is called driooola the double sphere. 
And as the spherical fingers are well seen by mixing together the two spheres 
KHAOOLA and bbagola, the third sphere which is the mixture of the two 
spheres, is separately attached.— B. D.J 
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north and south points, and the remaining two called kona- 
v^rrTAs the N. E. and S. W. and N. W. and S. B. points. 

4. Then fix a circle passing through the points of tho 
The uNMANDALAor .ir horizon intersected by the prime verti- 

o'clock lino. ^^1, and passing also through tho 

south and north poles at a distance below and above the 
horizon equal to the latitude of the place. Tliis is called the 
UNMANpALA, or six o'clock line, and is necessary to illustrate the 
increase and decrease in the length of the days and nights.* 

5. Tlie equinoctial (called kadi-valaya), marked with 

60 ffhatis, should be placed so as 

The equinoctiaL ° , _ - . , . 

to pass through the east and west 

points of the horizon, and also to pass over the meridian at a 

distance south from the zenith equal to the latitude, and at a 

distance north of tho nadir also equal to the latitude of tho 

phico [for which the sphere is constructed] . 

C. Lot tlio azimuth or vortical circle bo next uttiwiliod 

within the other circles, fixed by a 
At imuth or vertical circle. . ,. 

pair of naals at the zenith and nadir, 

BO as to revolve freely on them : [It should be smaller than 

the other circles so as to revolve within them]. It should be 

capable of being placed so as to cover tlio i)liiuct, wherever it 

may happen to be. 

7. Only one azimuth circle may be used for all tho planets ; 

or else eight azimuth circles may be made, viz. one for each 

of the 7 planets and the 8th for the nonagesimal point. The 

azimuth circle for the nonagesimal point is c^led the drik- 

8UBPA-V1JITTA. 

* The circle of declination or Iho hour circle passing through the east and 
west points of the horiton is called unman^ala in Sanskrit ; but I am not 
acquahited with anj corresponding term in English. In the treatise on 
astronomy in the Enoyolopesdia Metropolitnna the prime vertical is named the 
six o'clock line. This term (six o'clock line) should, I think, be applied to the 
UMMAHDALA, bccause it is always six o'clock when the sun arrives at this circle, 
Iho UMMAN|)ALA. Tlio priuiu vortioiU or tho 8AUA-MANnALA of tho SiiuHkrit 
cannot, with propriety, he culled tho six o'clock line ; beciiuso it is only twice a 
year that it is six o'clock when the sun is at this circle, the prime vertical. — 
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8. Lot two hollow cyliuJors project beyond tlio two polos 

^ ^ north and south of the kuaqola ce- 

TIio Drioqola. 

lestial sphere, and on those cylinders 
let the skilful astronomer place the d^iooola double sphere 
as follows. 

9. When the system of the khaoola, celestial sphere, is 
mixed with the ecliptic, and all the other circles forming the 
uiiAOOJiA (which will bo presently shown) it is then called 
Di^iGOOiiA, double sphere. As in this the figures formed by 
the circles of the two spheres khaoola and bhaoola are seen, 
it is therefore called d^iooola double sphere.'!^ 

THE BHAOOLA. 

10. Let two circles be firmly fixed on the axis of the poles 
answering to the meridian and horizon (of the khaoola) ; 
they are called the ADnittA-v^iiTTAS, or circles of support: 
Let the equinoctial circle also be fixed on them marked with 
CO ghafis like the prime vertical (of the khaoola). 

11. Make the ecliptic (of the same size) and mark it with 

12 sififns; in this the Sun moves: and 
also m it i*ovolvos the hiurtli s sliadow 
at a distance of G signs from the Sun. The kranti-I'Xta or 
vernal equinox, moves in it contrary to the order of the signs : 
The spashta-pItas [of the other planets] have a like motion : 
the places of these should be marked in it.f 

• Boo the iioto on 2 Verse. 

t [The Sun reToWee in the ooliptic, but the planets, Moon, Mars, &c. do not 
revolve in that circle, and the plnnes of their orbits are inclined to that of the 
ecliptic. Of the two points where the planetary orbit outs the plane of tlie 
•ecliptic, that in which the planet in its revolution rises to the north of the 
ecliptic is called its ta'tl or ascending node (it is nsunllj called the mean 
pa'ta) and that which is at the distance of six signs from the former is called 
its SASHADBttA pa'ta or descending node. The pa'ta of the Moon lies in its 
concentric, been use the plane of its orbit passes through the centre of the 
concentric, i. c. through the centre of the Earth ; but the r a'taB of the other 
plnncts nro in their Bocond cxcontric, because tlio planes of their orbits pnss 
through the cciitroi of their 2iid excdutrics, which centres lie in the piano of the 
ecliptic. When the pUiuet is at any other place than its nodes, the distance 
between it mid (ho plane of the ecliptic is called its north or south latitude as 
Ihc planet i:i north or south of the ecliptic When the planet is at the distance 
of 3 signs forward or bookward from its ta'ta, it is then at the greatest distance 
nordi or south from the ecliptic : This distance is its greatest latitude. Thus, 

H 
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12. Let the ecliptic be fixed on the equinoctial in the 
point of vernal equinox KR^NTi-piTA and in a point (autumnal 
equinox) 6 signs from that i it should bo so placed that the 
point of it, distant 3 signs eastward from the vernal equinox, 
shall be 24® nortli of the equinoctial, and the 3 signs westward 
shall be at the same distance south from the equinoctial. 

13. Divide a circle called kshepa-v^itta representing the 

orbit of a planet into 12 signs and 
Planet's orbit. i • -i. xi i i* ^i 

mark in it tho places of the spashta- 

P^TAS, rectified nodes, as has been before prescribed [for tho 

ecliptic] . Then this circle should bo so placed in connection 

with the ecliptic as it has been placed in connection with the 

equinoctial. 

14. The ecliptic and the kshbpa-v^itta should be so 
placed that tho latter may intei*sect the former at tho [rectified] 
ascending and descending nodes, and pass through points 
distant 3 signs from tho ascending node ctust and west at a 
distance from the ecliptic north and south equal to tho 
rectified greatest latitude of the planet [for the time] . 

15. The greatest (mean) latitudes of the planets being 
multiplied by the radius and divided by the 8(ghra-karna 

tlio Inlitude of the plnnct begins from its pa'ta nnd becomes eitrcmo nt the 
dibtuiieo of 8 signs from it, therefore, in order to find the hitiUulo, it is ncco:»9ury 
lo know the didtunce between the phinct und its ti'ta. This di;)Uneo is ('4|nal 
to tlie sum of the ideoes of the planet und its pa'ta, bccuuse oil I'a'tab move 
in anteeedentis from the stellar aries. This sum is called the TixsuEPA-KKiiDaA 
or the argument of btitude of the planet. As the pa'ta of the Moon lies in her 
conoentrie, and in this circle is her true place, tho sum of these two is her 
VIKBHIPA-KSMDUA, but the pa'ta of any other planet^ Afnrs, &e. lies in its 2nd 
ezeentrie and its manda-spabhta place (which is cqiiivulent to its heliocentric 
place) is in that circle, therefore its yiksiispa-kvndha is found hy adding the 
place of its pa'ta to its makpa-bpabiita plurc. U'ho si'abutapa'ta of tho 
planet is that which being added to tliu true place ot tho planet, e<|unU its 
vikBiiBPA-KBMDUA for tilis reiuou, it is fuuud by rovci-scly applying the 2ud 
equation to its mean pa'ta. As 

•*. BPA8HTA pa'ta -|- truo placc of the planet, 

s YIXBHSPA-KSHDRA, 

=3 place of the makda bpabhta planet -f- mean pa'ta, 
= /», of the f». «. p. •±. 2nd equation -{- m. p :^ 2nd equation, 
= true plane of the planet -f mean pa'ta •±, 2nd equation, 
.*. BPABIITA pa'ta = mcaii pa'ta 2p 2nd equation. 
The place of this spabhta pa'ta is to be re? erselj marked in the ecliptic from 
the stellar aries. - B. D ] 
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second liypothenuso becomes spashta, rectified. The ksiiepa- 
v^LiTTA, or circles representing the orbits of the six planets^ 
should be made separately. The Moon and the rest revolve in 
their own orbits.* 

* [As the pa'ti. of tlie Moon and her true place lie in lier concentric, the snin 
of these two, which is called her yieshbpa-ksndba or the ai^ument of latitude, 
must be measured in the same circle, and her latitude, therefore found through 
her TiKSHEPA-KSMDBA, will be as seen from the centre of her concentric i. e. 
from the centre of the Knrth. But the pa'ta of any other planet and its mani>a- 
8PA8UTA place (which is its heliocentric place) lie in its 2nd exoentric, therefore 
its latitude, determined by means of its TiKSHBPA-KnrDEA, which is equal to 
the sum of its makda-spashta place and pa'ta and measured in tlie same circle, 
will be such as seen from the centre of its 2nd excentric and is called its mean 
latitude (which is equivalent to the heliocentric latitude of the planet). 

As in Tit^, 1, let N S be the 

quarter of the ecliptic, NO 
llint of llio 2nd cxcontric, N 
the noilo and V the planet. 

Suppose O K and 1* p {[yarin of j. p 

gmit circles) to bo drawn from ^ ^ 

O and V )M)r|K*ndiculi;rly to 
the plane of the ecliptic : then 
O E will be the greatest lati- 
tude and P p the latitude of the planet at P, by which a spectator at the centre 
of the 2nd excentric and not at the centre of the Earth, will see the planet distant 
from the ecliptic. This hititudo, therefore, is called a mean ktitudo which can 
be found as follows, 

sin N O : sin O E : : sin N P : sin P/), 
or 11 . shi r p = sin O E . sin N p, 
ooniMMjncntly, in order to determine P /», it is noccsstiry to know proviously O B, 
the grcnloHt latidido and N P, Iho <listnnoo of the place of the planet from tlio 
nwlo, which dihtniuc is evidently equal to the ViKSUKPA-JtSNDBA that is, to 
the sum of the manda^pasuta pUce of the planet and the mean place of the 
node. Now the latitude of the planet as seen from the centre of the Earth is 
oalled iU true latitude. This true latitude can be found in the following 
manner, 

Let E be the centre of the earth, O that of the 
2nd excentric, P I lie manda bpabiita place of the 
))limot in it : then E P will bo the 2nd hypothcnuse 
whieh is* 5up|Mwe<l to cut the concentric at A : 
then A will be the true place of the planet in the 
concentric. Again let P 9 be a circle with the . 
centre O, whose plane is perpendicular to the eclip- 
tic plane and A b another circle with the centre 
E whose place is also perpendicular to the same 
plane, then P q will be tlie mean latitude of the 
planet and A b will be the true. Let P jp and A a 
lin<>s Imj |>erpenditnlnrly drawn to tlio plane of the 
ecliptic, these lines will also be at right angles to 
the line Ep : then P p will be the sine of the 
mean latitude P g and A a that of the true lati- 
tude A *. Now by the simihir triangles E P p 
and E A a, 

EP : Pp : : EA : Aaj 
EA.Pp 

.-. A a = — ^ J 

EP 
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16. The declination is an arc of a groat meridian circle: 

_ cnttincf the equinoctial at right anffles, 

DecUnntion and Ifttitude. , ^ . , .„ . , f ,. . 

and continued till it touch the ecliptic. 

B X sine of the moan latitude 

or the eine of the true latitude = i— — 

h 
etn O E . sin N P 

but, the sine of the mean latitude s=s — — 

R 
.% by substitution 

R sin O E . sin N P 
the sine of the true latitude = — X ■ ■■ 

h R 

sin O B . sin N P 



h 
As the latitude of the planet is of a smaller amount, the arc of a latitude it, 
therefore taken in the Siddhantas uistead of the sine of the latitude. 

O E . Bin N P 
Hence, the true latitude = , 

that is, the sine of the argument of latitude multiplied by the greatest 
latitude and difided bj the 2nd hjrpolhcnuse is equal to the true latitude of the 
planet. 

Now in the Bitaoola. a circle should be so fixed to the ecliptic, that the 
former mny intersect the hitter at the BPABUTA-rXTA and the point six signs 
from it, and whose extreme north and south distance from the ecliptic maj 
be such that the distance between the circle and the ecliptic at the place of the 
true planet may be equal to the true latitude of the planet. This circle is called 
the yncAKpALA or yiKSUBPA-YfiiTTA and its extreme north and south distance 
from the ecliptic is called the true or rectified extreme latitude of the planet 
which can be found as follows. 

Let N be the spashta- 

PATA,N P the yiK8HSPA-¥SV- 

BBA, P p the true latitude, 
B O the true extreme latitude : ''*' 
then 

sin N : sin B O : : sin 
NPisinPp 

sin N O . sin P p 

.•. sin B O =: > 

sin N P 

R.Pp 
or B O = I 

sin N P 

but if L be taken for the mean extreme hititude the P p : 

M 
R L . sin N P R . L 

... E0 = X = , 

sin N P h h 

Ttiis is the mean extreme latitude stated in the GanitaddtXta multiplied 
by the radins and divided by the 2nd hypothenuse equals the true or rectified 
extreme latitude.-^ B. D.] 
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celestial latitude is in like manner an arc of a great circle 
(which passes through the ecliptic poles) intercepted between 
the ecliptic and tho ksiibpa-v^litta. 

The corrected declination [of any of the small planets and 
Moon] is the distance of the planet from the equinoctial in a 
circle of declination. 

17. The point of intersection of the equinoctial and ecliptic 

, . circles is the KRi(NTi-pXTA or inter- 

Frecession of tho equinox. . .1.-11.. mi 

soctmg pomt for decimation. Tho 

retrograde* revolutions of that point in a Kalpa amount 

to 30,000 according to the author of the St^BTA-siDDniNTA. 

18. Tho motion of the solstitial points spoken of by Mun- 
JAUA and othors.is the same with this motion of the equinox : 
according to tlieso authors its revolutions are 199,669 in a 
Kalpa. 

19. The place of the kr^nti-p^ta, or the amount of the 
precession of the equinox determined through the revolutions 
of the KB^NTi-piTA must be added to the place of a planet ; 
and tho declination thon ascertained. Tho ascensional difibr- 
enco and periods of rising of the signs depend on the 
declination : hence tho precession must be added to ascertain^ 
the ascensional difference and horoscope. 

20. Thus the points of intersection of the ecliptic and the 
orbits of the Moon and other planets are the kshepa-patas, or 
intersecting points for the kshepa celestial latitude. The 
revolutions of tho KSiiBPA-PifTAS are also contrary to the order 
of the signs, hence to find their latitudes, the places of the 
kshbpa-pXtas must be added to the places of the planets 
(before found). 

21. As the iCANDA-SPASHTA planet (or the mean planet cor- 
rected by the 1st equation) and its ascending node revolve 
in tho s'lonRA-PRATiVfliiTTA or 2nd excentric, hence the amount 
of the latitude is to be ascertained from (the place of) the 
UANDA-SPASHTA planet added to the node found by calculation. 

* Tlie motion of tho KbjLhti-pata is in a contrary dtreciion to that of the 
order of the signs.— L. W. 
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22. Or the amount of the luiitade may bo found from the 
SPA8HTA planet added to the node which the s'iaHRA-PHAi*A 2nd 
equation is added to or subtracted from accordingly as it was 
subtractive or additive.* 

As the Moon's node revolves in the concentric circle, the 
amount of the latitude, therefore, is to be found from the 
true place of the Moon added to the mean node. 

23. The exact revolutions of the nodes of Mercury and 
Venus will be found by adding the revolutions of their s'/qhra- 
KENDRAS to the rovolutious of their nodes which havo boen 
stated [in the GANrri(DnYi(YAl : if it be asked why these smaller 
amounts have been stated, I answer, it is for greater facility of 
calculation. Hence their nodes which are found from their 
stated revolutions are to be added to the places of their 
s'fouiiA-KBNDBAS [to get tho oxact places of tho nodes] .f 

24. To find the kbndka [of any of tho planets] tho place 
of the planet is subtracted from tho b'^qhuoougiia : thou take 

• [See the nodet on Y. 11, and T. 18, 14, 15. — B. D.] 

t [In all the original astronomical works, the sum of the pa'ta and s'fanBOOH- 
CBk of Mercury and VenuB, is assumed for their tikbuepa-kvndka, and 
through this, their latitude is determined. But the latitude thus found would 
be at tlie place of their a'faHBOOHODA and not nt their own pluco, bocaiise tlioir 
places are different from those of their s'faHHOOnoHAS. To remoTC this 
diflloulty, BnA'BKSA'oHA'&TA writes. *<The exact rerohitions &c." Uut the 
difficulty arises in the supposition that, the earth is stntionury in the centre of 
the uniTerse and all the planets revolre round her, because we are then bound 
to erant that the mean places of Mercury and Tenus are equal to that of the Sun, 
and hence their places will be different from those of their s'faHBOOUCHAa. 
But no inoouTenience occurs in the supposition that, the Sun is in the centre 
of the universe and all the planets together with the earth ref olf e round him. 
For, in this case the places of the fi'faHBOOHOHAB of Mercury and Venus are 
their own heliocentric places, and oonsequently the sum of the places of their 
a'faHBOOHOHAS and pa'tas will be equal to the sum of their own placet and 
thoso of their pa'tab, that is to their YiKBniPAKitNDUA. For this reason, 
their latitude found through this, wUl be at their own places. Now, it is a 
curious (act that, the rerolutions of the pataa of Mercury and Venus, stated 
in the original works, are such as ought to be mentioned when it is supposed 
that the Sun is in the middle of the unirerse and the planets rer olre round 
him, and not when the Sarth is supposed to be stationary in the centre of the 
unirerse. From this fact, we can inter that the oriffinal Authors of the As- 
tronomical works knew that all the planets togetlier with tho Karth rerolf e 
round tho Sun, and consequently tlioy stated the sniulicr amounts of tho 
rcTolutions of tlie Fa'tab oif the Mercury and Venus. When this is the case, 
why ia it supposed that all the planets rerolTC round the Barth, because the 
Spherics oan more easily bo understood by this 8upi>osition than by the other.— 
B. D.] 
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the KEKDBA with tho pAta added [to get the exact amonnt of 
the pXta or node] and let the place of the planet be added 
therotOj [wo thus got the yikshepa-kendra or the argament 
of the latitude of Mercury or Venus] . Therefore from the 
s'foHBOCHCUAS of these two planets with the pAtas added^ 
their latitudes are directed by the ancient astronomers to be 
found.* 

25 and 2G. The pAtas or nodes of these two planets added 
to the s'lQUBOOHCHBAS from which the true places of the 
planets have been subtracted^ become spashta or rectified. 
It is the s'pASHTA-PATA which is found in the bhagola (above 
described). 

In the sphere of a planet^ take the ecliptic above described 
as the concentric circle, to this circle the second excentric 
circle should be attached, as was explained before, and a circle 
representing the orbit of a planet (and which consequently 
would represent the real second excentric) should be also 
attached to the latter circle with the amount of latitude 
detailed for it. In this latter circle mark off the mean places 
of the nodus of the (Buporior) planets, and also mark in it the 
mean placo of tho nodes of Mercury and Venus added to their 
respective s'fuuRA-KKNBBAS.t 

27. Next the ahoiqultba-vbittas or diurnal circles, must be 

Diurnal circles called made on both sides of the equinoctial 
ihob'atba-t*itta8. ["and parallel to it] at every or any 

degree of declination that may be required : — and they must 
all be marked with 60 gratis : The radius of the diurnal 
circle [on which the Sun may move on any day] is called 

DYUJVi. 
* [Let, h = B'foHROonoHA or the place of 2d higlier apsis. 

k ss tlie B'failKA-KIMDKA. 

p = the place of the planet. 
n =■ pa'ta or tho place of tho ascending node, 
and N, == (lie exact pa'ta. 

then h = A—p J and A = jfc+i»=r=A. — p •{• »; 
*.* TIK8UKPA KBNDEA or argument of latitude of Mercury or Teniis =^ 

J^. + p = jl. — l> + i»4.p=* + II.-B. D.] 
t [See the note on rersos 13, U and 15 :— B. D.] 
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28. From the vernal equinox mark the 12 signs in direct 
order, and then let diurnal circles be attached at the extremity 
of each sign. 

29. On either side of the equinoctial, three diurnal circles 
should be attached in the order of tho signs : these again will 
answer for the three following signs. 

The BHAGOLA has thus been described. This is to be known 
also as the kheohara-qola, the sphere of a planet. 

30. Or in the plane of the echptic bind the orbits of Saturn 
and of the other planets with cross diameters to support them, 
but these must be bound below (within) the ecliptic in succes- 
sive circles one within the other, like the circles woven one 
within the other by the spider. 

31. Having thus secured the bhagola on the axis or 
YASUTi, after placing it within tho hollow cylinders on which 
the KHAGOLA is to be fastened, make the biiaoola revolve : — 
it will do so freely without reference to tho khagola as its mo- 
tion is on the solid axis. The khagola and d^iggola remain 
stationary whilst the bhagola revolves. 

End of Chapter VI. on the construction of an armillary 
sphere. 



CHAPTER VII. 

Called TEiPEAs'NA-vXsANi on tlie Principles of tlte UuUs for 
rcsololug ilio queslioiis on time, 8j)uco, ami diractions. 

The ascensional difference 1. The time Called CHARA-KHUNDA 

and Its place. ^^ asconsional difference is found by 

that arc of a diurnal circlo intercepted between the horizon 
and the six o'clock line. Tlie sine of tliat arc is called the 
KUJYA in the diurnal circle : but^ when reduced to relative 
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value in a great circle, it is called cuARAjri or sine of as- 
censional dilFerence.* 

2. Tlio horizon, as seen at the equator, or in a right 
sphere, is denominated in other places [to the north, or south 
of the equator] the unmanpala six o'clock line : but as the 
Sun appears at any place to rise on its own horizon, the 
difference between the times of the Sun's rising [at a given 
phico and tho equatorial region under the same meridian] is 
the ascensional difference. 

3. When the sun is in the nor- 

Dcteroiinntion of the - i. • i. "x • 

question when the ohaba them hemisphere, it rises at any 
Xrlubt^cur'"' •"'• Pl«<» (northofthe equator) before 
it does to that on the equator: but 
it sets after it sets to that on the equator. Therefore the 
correction depending on the ascensional difference is to be 
subtracted at sunrise of a given place from the place of the 
planet [at sunrise at the equator] and to be added at sunset 
to the place of the planet [as found for the sunset at the 
equator] . 

4. When the Sun is in tho southern hemisphere the reverse 
of this takes place, as the part of the unmandala in that 
hemisphere lies below the horizon. Tho halves of the sphere 
north and south of the equinoctial are called the northern and 
southern hemispheres. 

Cnueeorincroasoanddecreaeo 5. [And it is in COnsequence of 

in length of (lays and nights. ^his ascensional difference that] tlio 
days are longer and the nights shorter (than they are on the 

* [Tlie times found by tho arcs intercepted between the horixon and the 
six o'clock line, of tho three diunial circles attached at tho end of the first 8 
signs i. e. Aries, Taums and Gemini are called the ohara-ka'las or the ascensional 
dilferenoea of these signs, and the differences of these ohiea-ka'las are oUled the 
oitAUA-KiiANpAS of tfioso throo signs. 

As, whoru tho PALAUiiA in 6 digits or the latitndo is nearly 22i* north, tho as- 
censional dilTeronoes of tho 8 first signs are 297, 541 and Gi2 asus, and the dif* 
fcronccs of those i. c 297, 24i and 101 are tho oiiaba-khami^ab of those signs. 

These arc again tho ohaea-kuah^ab of the following three signs inTorsely i. o. 
101, 214 and 297 abus. 

Thus the ohaua-kiian?a8 of the first six signs answer for the following six 
signs. — B. D.] 
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equator) when the Sun is in the nortliem hemispliore : and 
that the days are shorter and the nights longer when the Sun 
is in the southern hemisphere. For, the length of the night 
is represented by that arc of the diurnal circle below the 
horizon, and the length of the day by that arc above tho 
horizon. 

6. But at the equator the days and nights are always of the 
same length, as there is no unmanpala there except the 
horizon [on the distance between which, the variation in the 
length of days and nights depends] . 

A circumstance of peculiar curiosity, however, occurs in 
those places having a latitude greater than 66* N. viz. than the 
complement of .the Sun's greatest declination. 
Determination of place and 7. Whenever the northern declina. 

time of pcrpotuol day and tion of the Sun oxcoods the oomplo- 
night. ' 

mont of tho latitude, then there will bo 

perpetual day for such time as that oxcoss continuod ; and when 
the southern declination of the Sun shall exceed the comple- 
ment of the' latitude, then there will be perpetual night during 
the continuance of that excess. On msbu, therefore, day and 
pight are each of half a year's length. 

8. To the Celestial Beings [on 

Place of MEEU. _ , , n , o L 

KERU at the north pole] the equinoc- 
tial is horizon : so also is to the paittas [at the south pole] . 
For, the northern and southern poles are situated respectively 
in their sseniths. 

9. The Celestial Beings on xbbu behold the Sun whilst he 
is in the northern hemisphere, always revolving above the 
horizon from lefb to right : but daityas the inhabitants of the 
southern polar regions behold him whilst he is in the southern 
hemisphere revolving above their horizon from the right to 
the lefb. 

10. Thus it is day whilst tho Sun 
Deflnition of the artifioinl . . . , i ., , . . 

day and night and the da^ IS Visible, and night whilst he IS m- 
anapightoTthepiT^it. ^gibie^ ^3 ^^^ determination of 



Digitized by 



Google 



VII. 15.] Siddhdnta^a'ironmnu 163 

niglit and day is made in regard to men residing on (he sur- 
face of the Earthy so also is that of the pit^is or deceased 
ancestor who dwell on the upper part of the Moon. 

11. As for the doctrine of astro- 

profesMrt or sA'HHiiucAa. at MBRU whilst the Sun was in the ur- 
TABiTANA (or moving from the winter 
to tho summer solstice) and night whilst the Sun was in the 
dakshinXyana (or moving from the summer to the winter sol- 
stice), it can only be said in defence of such an assertion, that it 
is day when the Sun is turned towards the day, and it is night 
when turned towards the night. Their doctrine has reference 
merely to judicial astrology and the fruits it foretells. 

12. By the degrees by which the Sun proceeds in his nor- 
thern course to the end of Gemini, he moves back from that 
sign : entering also the same diurnal circles in his descent as he 
did in his ascent. Is it not therefore that the Sun is visible in 
his descent to the Gods in the place where he was first seen by 
them in his ascent 7 

13. The piTRis reside on the upper 
piTRW? ® '^^ "^ ^ part of tho Moon and fancy the foun- 

tain of nectar to be beneath themselves* 
They behold the Sun on the day of our AifXvisTX or new Moon 
in their zenith. That therefore is the time of their midday. 

14. They (i. e. the pities) cannot see the Sun when he is 
opposite the lower part of the Moon : it is therefore, midnight 
with the piTBis on the day of the p(}bvimX or full Moon. The 
Sun rises to them in the middle of the kbishna paksha or dark 
half of the Moon, and sets in the middle of the s'ukla pAksha 
or light half of the Moon. This is clearly established from 
tho context. 

15. As BbahmI being at an im- 

of bIJUbIS!"'**''" ""^ * ^^^ ^^^^^ distance from the Earth, always 

sees the Sun till tie time of the pba- 

f.AYA or general deluge, and sleeps for the same time, therefore 

1 2 
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the day and night of Braiima' are together of 2000 MAHAYUOAa 
in length. 

16. As the portion of the ecliptic 

,i«?rn;Lrgl"l!r.';i.eTil wWch is more oblique than the other, 
rison. rises and sets in a shorter time and 

that which is more upright takes a longer time in rising and 
setting, hence the times of rising of the several signs are 
various [even at the equatorial regions]. 

17. The (six) signs from Capricorn to Gemini or ascending 
signs which are inclined towards the south with their respec- 
tive declinations whilst they rise oven at the equator are still 
more inclined towards the south in the northern latitudes (on 
account of the obliquity of the starry sphere towards the south) ; 
hence they arise in still shorter times than they do at the 
equator. 

18. At the equator, the [six] signs from Cancer or de- 
scending signs incline whilst they rise to the northerly direc- 
tion, but they will have upright direction in consequence of the 
northern latitude, hence they rise in longer times [than they 
do at the equator.] The difference between the period of the 
rising of a sign in a given latitude, and at the equator under 
the same meridian, is equivalent to the CHASAKnANpA of that 
sign. 

19. Each quarter of the ecliptic rises in 15 onATis or 
6 hours to those on the equator: and the 6 signs of the 
northern as well the 6 of the southern hemisphere appear to 
rise each in 12 hours or 30 ghatis in every or any latitude. 

20. The three signs from the commencement of Aries to 
the end of Qemini, i. o. the first quarter of the ecliptic, pass 
the UNMANpALA in 15 GHATis; but the horizon [of a place in 
north latitude] is below the ukmanpala, they therefore pre- 
viously pass it in time less than 15 ohatis by the chabakhanpas. 

21. The three signs from the end of Yirgo to the end of 
Sagittarius, i. e. the 3rd quarter of the ecliptic, pass the.UNMAN- 
pALA in 15 QHATis; but they pass the horizon of a place 
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afterwards which is above the unman^ala [in north hititude] 
in 15 OHATis added to the charakhanpas. 

22. The three signs from the end of Gemini to the end of 
Virgo, i. e. the 2nd quarter of the ecliptic or those from the 
end of Sagittaiius to the end of Pisces i. e. the 4th quarter of the 
ecliptic, pass the horizon in the time equal to the remainder 
of 30 GHATis diminished by the time which the first or third 
quarter takes to pass the horizon respectively. For this reason, 
the times which the signs contained in the 1st and 4th quar- 
ters of the ecliptic, or ascending signs, and those contained 
in the 2nd and 3rd quarters, or descending signs take to pass 
the horizon at a given place are found by subtracting the 
ciTARAKHANi>AS of tho sigus from and adding them to the times 
which those signs take in rising on the equator respectively.* 

23. Having placed the 1st Aries in the horizon and set the 
sphere in motion, the tutor should show the above facts to the 

* The times taken by the seyeral signs of the ecliptic in rising at the eqnator 
Olid in northern ktituucs will be seen from the following memo, according to 

the SlDDDjUVTA. 



Aries, 

Taurus, ... 
Gemini, ... 

Cancer, ... 

Leo, 

Virgo, 

Libra, 

Scorpio, ... 
Sagittarius, 
Capricorn, 
Aquarius, 
FisQBS, 



.9 



ABU8. 

1670 
1793 
1937 

1937 
1793 
1670 
1670 
1793 
1937 
1987 
1793 
1670 






i.a|--3 

iill 

^ 8 fl'S 



A8U8. 

— 297 

— 244 

— 101 

+ 101 
4-244 
+ 297 
+ 297 
-f 244 
+ 101 

— 101 

— 244 

— 297 






ABU8. 

1373 
1549 
1886 



2037 
1967 
1967 
2037 
2038 
1836 
1549 
1878 



I These 8 and tho last 
8 signs take less time to 
rise in north latitude 

' than at the equator. 

These 6 signs take a 
longer time to rise in 
'north latitude than at 
the equator. 



L.W. 



Digitized by 



Google 



1 G6 Translation of the [VII. 24. 

pupils^ that they may nndorstand as well what has been ex- 
plained as any other facts which have not been now mentioned. 

24. In whatever time any sign rises above the horizon 
[in any latitude] the sign which is the 7th from it^ will take 
exactly the same time in setting : as one half of the ecliptic 
is always above the horizon [in every latitude] . 

25. When the complement of latitude is less than 24* (i. e. 
than the extreme amount of the Sun's declination taken to be 
24^ by Hindu astronomers) then neither the rising periods of 
the signs^ nor the ascensional differences and other particulars 
will correspond with what has been here explained. The facts 
of those countries (having latitudes greater than 66*) which 
are different from what has been explained on account of their 
totally different circumstances^ are not here mentioned^ as 
those countries are not inhabited by men. 

26. That point of the ecliptic which is (at any time) on 
Ktyinology of tho word ^^^ oastorn horizon is called tho LAONiV 

^®"^' or horoscope. This is expressed in 

signs^ degrees, &c. reckoned from the first point of stellar 
Aries. That point which is on the western horizon is called 
the ASTA-LAONA OT Setting horoscope. The point of the 
ecliptic on the meridian is called the madhta-laona or middle 
horoscope (culminating point of the ecliptic).* 

* [When the place of tlie horoeoope ii to be determined at a giyen time it U 
neoeesary at flrat to aicertain the height and longitude of the nonagetimal point 
from the ricbt atoention of mid-hea?en, and then bj adding 8 ligna to the 
longitude of the nonagetimal point, the place of the horoscope it found : but aa 
tbi« waj for finding the place of the horoeoope ii very tedious, it has been 
determined otherwiae in the Siddhi'vtab. 

At, from the periods of risings of the 12 signs of the ecliptic which are 
determined in the Siddhantas, it is very eaaj to find the time of riaing of any 
portion of the ecliptic and rice Tcrsa, we can find a portion of the ecliptic 
oorresponding to the given time from sun-rise through the longitude of the 
Sun then determined and the giyen time. Tbe portion of the ecliptic which 
can be thos found is eridentlT that portion of the ecliptic intercepted between 
the place of the Sun and the horison. Therefore by adding this portion to the 
place of the Sun, the place of the horoscope is found. Upon this principle, the 
following common rule which is given in the Sidohavtai for finding the place 
of the horoscope is grounded. 

Find first the true place of the Sun, and add to it the amount of the procession 
of the equinox for the longitude of the Sun. Then, from the longitude of the 
Sun, tlie sign of the ecliptic in which the Sun lies and tbe degrees of that sign 
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27. If when yon want to find the laona^ the given ohatis 
are s^Cvana-ghatis^ then they will be- 

Tlie rcaBon for finding the ... . . ^ i* .<■ r>i • 

exact place of the Sun at como Sidereal by finding the Sun's 
the time of qnestiou in order instantaneous place i. e. the place of 

to find L40KA. '■^ ^ 

the Sun for the hour given. The times 

which he has passed, and those which he has to pass, are known. Thus tlie 
degrees which the Sun has passed, and those which he has to pass, are called the 
BnuKTXiiB'AS and shooyXns'as respeoti? ely. Kow the time which the Sun 
requires to pass the niLOQYisB'AB is called the bhoota time, and is found bj 
the following proportion. 

nsoo 

: the period of rising of the sign in which the Sun b 

! : BHOGTiNS'AS 

: SHoaTA time. 
In the same manner, the bhvkta time can also be found through the 

BnUKTXNSAS. 

Now from the time at the end of which the horoscope is to be found, and 
which is called the ibiita or given time, subtract the bhoqta time just found, 
and from the remainder subtract the periods of risings of the next sucoessi? e 
signs to that in which the Sun is as long as you can. Then at last you will find 
the sign, the rising |>eriod of which being greater than the remainder you will 
not be able to subtract, and which is consequently called the As'imBHA sign, 
or the si^n incapable of being subtracted, and its rising period, A8'in>DHA 
rising. From tliis it is evident that the as'uddha sign is of course on the 
horison at the giren time. The degrees of the as'uddha sign which are abore 
the horixon add therefore called the bhvkta or passed d^rees, are found at 
follows. 

If the rising period of the ib'jjddjUl sign 
: 80e 

! ! the remainder of the given time 
: the passed degrees of the AS'VDDnA si«rn. 

Add to these passed decrees thus found, the preceding signs reckoned from 
the 1st point of Aries, and from the Sum, subtract the amount of the procession 
of the equinox. The remainder thus found will be the place of the liorosoope 
from the stellar Aries. 

If the time at the end of which the horoscope is to be found, be ^ven before 
sun-rise, then find the bhukta, or passed time of the sign in which the Sun 
is, in the way above shown, and subtract it and the rising periods of the pre- 
ceding signs from the given time. Af^er this find the degrees of the as'uddha 
sign conesponding to the remainder of the given time which will evidently be the 
bhoota degrees of the horoscope by proportion as shown above, and subtract 
the sum of the bhoota degrees of the horoscope, the sisus the rising periods of 
whioh are subtracted and tlie bhukta degrees of the sign in which tlie Sun is 
from the Sun's place and the remainder thus found will be the place of the 
horoscope. 

Thus we get two processes ; one when f he ffiven time at the end of whioh the 
horoscope is to be found, is after sun-rise, and the other when that time is given 
before sun-rise, and which are consequently called kbama, or direct, and 
TTUTKBAMA or undirect processes rospectively. 

It is plain from this that if the place of the Sun and that of the horosco|)e be 
known, the given time from sun-rise at the end of whioh the horoscope is found 
can be known by making the sum of the bhoota time of the sign in which the 
Sun is and the bhukta time of the horoscope and by adding to this sam the 
rising periods of intermediate signs.— B. D.] 
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of rising of the signs which aro sidereal must bo subtracted 
from these guatis (of the question) reduced to a like deno- 
mination. When the hours of the question are already sidereal, 
there is no necessity for finding the sun's real place for that 
time.* 

* [If it be asked whether the time at the end of which the horoscope is to be 
found it terrestrial or sidereal time; if it be terrestrial, how it is that you 
subtract from that tlie rising periods which are of different denomination on 
account of their being sidereal, and whj the sun's instantaneous place i. e. tho 
place determined for the hour giren is used to ascertain tlie bhoqta time, the 
given time is reckoned from sun-rise and the bhoqya degrees of the sign in 
which tho sun is, rise gradunllv aboTO tho horizon ufler uun-risc. Ifoncu the 
BnoQTA degrees of tho sign of the Sun's longitude, dutcnuiued at tho tinio of 
sun-rise, should be taken to find the place of the Uorosoopo, otherwise tho piaco 
of the Horoscope will be greater than the real one. As for example, take the 
time from sun-rise, at the end of which the Horoscope is to be found, equal to 
GO sidereal qhatis and 44 asub when the Sun is in the Ternal equinox at a plaoe 
where thePALAUUA is 6 digits or the ktitude is 22*^ nearly, and ascertain the 
plaoe of the Horoscope through the instantaneous place of tho sun. Then, tho 
plaoo of the Horoscope thus found will be greater than tho pluoo of the Sun 
found at tho time of next sun-rise, but thb ought to bo equal to it, and you will 
not be able to make this equal to tho plaoe of tho Sun determined at the time of 
next sun-rise, unless you determino this through the plaoe of tho sun asocrtainod 
at suD-riso, and not through the Sun*i instantaneous place. Hence it appears 
wrong to ascertain the place of the Horoseope through tho Sun's instantaneous 
place. But the answer to this is as follows. 

The GHAfis eontained in the aro of the diurnal oirole intercepted between that 
point of it where the Sun is, at a gi?eu time and the Horizon are the sXyaha or 
terrestrial qhatis, but the qhatis contained in the aro of the diurnal circle in- 
tercepted between that point of it where the Sun was at the time of sun-rise and 
the Horizon are the sidereal, qhatis. Thus it is plain from thb that if the 
Sun's plaoe determined at the time of sun-rise be given, the time between their 
place and the Horison reckoned in the diurnal circle « ill OTidentlv be tho side- 
real time and consequently tho plaoe of the Horoscope determined through this 
will be right. But if the instantaneous place of the Sun be given, the time given 
must be the bayana time, because let the instantaneous place of the Sun bo 
assumed for the Sun's plaoe determined at the time of sun-rise, then the time 
between this assumed instantaneous pUoa of the Sun and the Horizon, which is 
siYAVA, will evidently bo the sidereal time. Hence the fact as stated in the 
verse 27th is right. / 

Therefore if the Sun's instantaneous placo and the plaoe of tho Horoseope be 
given, the time found through tliese will be tho bAyana time, but if the place of 
the Horoseope and that of the Sun detoruiined at the time of sun-riso bo |;ivon, 
the time ascertained through these will be the sidereal time. And if you wish to 
find the bayana time through the |)lace of the Horoscope and that of the Sun 
determined at the time of the sun-rise assumed the sidereal time just found as a 
rough bIyava time and determined through this the instantaneous plaoe of the 
Sun by the foUowing proportion. 

If 60 QHATIB 

: Sun's daily motion 

: : those rough bAyaka GHATIB 

: the Suu's motion relating to this time { and add then this result to 
the place of the Son found at the time of sun-rise. The sum thus found will be 
tho instantaneous plaoo of the Sun nearly. Find the time again through this 
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28. In those conutrics having a north latitude of 69* 2(y the 

signs sagittarios and capricomns are 
Dof orminfilion of Itililmlcs • •! i i it 

in which diflbront signs ore novor Visible: and the signs gemini 

honwV^^* "^ ^^^"^ *^* ^^^ cancer remain always above the 
horizon. 

29. In those places having a northern latitude of 78* 15^, the 
four signs scoq)io^ Sagittarius^ capricornus^ and aquarius are 
never soon^ and the four signs taurus^ gemini^ cancer^ and loo^ 
always appear revolving above the horizon. 

30. On that far-famed lull of gold Msbu which has a lati- 
tude of 90* N. the six signs of the southern hemisphere never 
appear above the horizon and the six northern signs are 
always above the horizon. 

31. Lalla has declared that when the ASUs of chara- 

i^HANpA [in any latitude] are equal to 
AnerrorofLiLLA exposed. . i. i . , . 

the tune which any sign takes to nse 

on the equator^ then that sign will always remain visible above 

the horizon : but this assertion is without reason. Were it so, 

then in places h:iving a latitude of 66% the whole twelve signs 

of the ecliptic would always be visible, and would all appear 

at once on all occasions, as the times of their rising on the 

equator are equal to the ASUS of their cuABA-i^ANpAs : but 

this is not the fact. 

32. Lalla has also stated in his work on the sphere that 

where the north latitude is 66* 30', 
^Another gross error of g^ifc^rius and capricornus aro not 

visible, and also that in north latitude 
75**, Scorpio and aquarius are never there visible : but this also 
is an idle assertion. How, my learned friend, has he managed 
to make so gross and palpable an error of three degrees ?* 

instanUneous plaee of the Sun, snd through this time ascertain the instantaneous 
place of the Sun. Thus you wiU get at last the exact aXvAif A time from sun- rise 
to the hour given bj the repetition of this process. As the Sun is taken here 
for an exnniple, jnu can find the sXtava time of anj planet or any planetary 
time from the pUiiei's rising to the hour gi? en by the repetition of the aforesaid 
process. — B. D.] 

* [BnXsKABiUjnARTA means here that Lalli mentioning the degrees of lati- 
tudc8| has connitillod n grand mistake in omitting 3 degrees, Ixxmuse he hap 
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33. The nititude of the pohir star and its zenith distance 
as found by observation, give respectively the latitude and 
the JJiUBKHBX or complement of the latitude. Or the zenith 
distance and altitude of the Sun at mid-day when on the equi- 
noctial give the latitude and its complement. 

84. The UNNATA the time found in that arc of the diurnal 
circle which is intercepted between the eastern or western 
horizon and the planet above it, is sXvana. This is used in 
finding the shadow of the planet. The sine of the unnata 
which is oblique, like the aksua-kauna, by reason of the lati- 
tude, is called chhkdaka and not s'anku because it is upright.* 

85. In order to find the shadow of the Moon, the udita 
(the time elapsed from the rising of a planet) which has been 
found by some astronomers by means of repeated calculation 
is erroneous, for the udita, (found by repeated calculation) is 
not SAVANA. The labour of the astronomer that does not 
thoroughly understand mathematics as well the doctrine of the 

stated in hit work that sagittarias and oapricornua are alwaya viaible in a plooe 
bearing a latitude 66^ SO', and scorpio and aqnarius at 75* N., whereas this is 
not the case, tliose signs are always visible in tbe places bearing the latitudes 
69* SC and 7S<* 15' respeolirely as shown in the verses 2S and 29.— B. D.] 

* [When the Sun is above the Horizon, the shadow causod hj a gnomon 13 
digits, high, is called the Sun's shadow according to the s'idduanta laiiguagee 
and having at first determined Ihe sine of the Sun*s altitude and that of it 
eomplemeut through his udita time, astronomers n«cirtained this by the follow- 
ing proportion. 

As the sine of the Sun's altitude 
: ihe sine of its oomplement 
: : gnomon of 12 digits 
: the shadow causal bj the gnomon. 

Thus thej determine the shadow of all planets, Moon, &o., and that of the fixed 
stars. Though the light of the five small planets. Mars, &c., and the fixed stars 
is not so brilliant, lik'e that of the Sun and Moon, as to make their shadow 
vbiblo, yet it is necessary to determine the shadow of any heavenly body in order 
to know the direction in which the body may be. Because, if the length and 
direction of the shadow of the body be known, Ihe direction in which it is can 
be ascertained by spreading a thread from the end of its shadow through that of 
the gnomon. For, if you will fix a pipe in the direction of the thread thus 
spreiMl, you will see through that pipe the body whose shadow is used here. 

The time given for determination of any planet's shadow must be the siTAVi 
time, because it is necessary to determine the degrees of altitude of a planet 
to know its shadow, and the degrees can be determined through the time 
contained in that arc of the diurnal circle intercepted between the planet and 
horison. But the time contained in this arc oannot be other thtn the sXyana 
time.— B. D.] 
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Bpliore, ill writing a book of instractiou on tlio science is utter- 
ly futile and useless.* 

36. The dcgi'ces of altitude are found in tlio d^inman^ala 

or vertical circle, being the degrees of 

petermination of tinvs glevation in it above the horizon ; the 
And DfiiajTA. 

degrees of zenith distance are (as their 

name imports) the degrees in the same circle by which the 

object is distant from the zenith or mid-heaven of the observer : 

the s'anku is the sine of the degrees of altitude : and the 

d^iojtX is the sine of the zenith distance. 

37. When the Sun in his ascent arrives at the prime verti- 

cal, the s'ahku found at the moment is 
.'A«3l^"u\°I-s'«^*;. t^« 8AMA-8'ANKO : tixe b'ankus found at 

the moments of his passing the ko^a- 
v^iTTA and the meridian are respectively termed the kona- 
s'anku and madhya-s'anku. 

38. One-half of the vertical circle in which a planet is 

^ , , observed should be visible, but only 

Season of tho oorrrotion . , 

of parallax to tlietino of aUi- one-half less the portion opposite the 
^ ^ radius of the Earth is visible to observ- 

ers on the surface of the Earth. Therefore ^v p<u*t of tho daily 
motion of the planet observed is to be subtracted from the sine 
of altitude or from the s'akku to find the shadow : [inasmuch 
as that amount is concealed by, or opposite to, the Earth] . 

39. The aobX (the sine of amplitude) is the sine of the arc 

of the horizon intercepted between the 

JudIta^^^^^^^ prime vertical and the planet's diurnal 

circle in the east or west i. e. between 

* [In order to determine tlie Moon's shadow at a given time at full moon, 
some astronomers find her UDITA time i. e. the time elapsed from her rising to tho 
hour gif en by the repeated calcuUtion, through her instantaneons plaoe and the 
plnoo of tho horoneufK) dotonuinod nt tho giron hour. But thoj groatlj err in 
thi% bocauso (ho tiiuo thus found will not be tho s'avina time and oonseqnentlj 
thoT cannot use this in findms the Moou*s shadow. Their waj for finding the 
UDiTA time by the repeated caloulatiou would bo right, then oiilj if the gifen 
place of tho Moon would bo such us foimd at the time of her rising and not her 
instantaneous place. Because her udita time found through her instantaneous 

I)lncc becomes b'ayama at ouco without having a rroourse to tho repeated calcu- 
atiou, at it is shown in the note on the verso 27 of this Ohapter.— B D.] 

K 2 
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tho east or west point of the horizon^ and tho point of the 
horizon at which tho planet rises or sots. Tho lino connecting 
the points of the extremities of the east and west AGBi[ is 
called the udayasta-sutra, the line of rising and sotting. 

40. The s'anku-tala or base of the s'anku stretches dar- 
ing the day to the south of tho udyXsta-sutra ; because tho 
diurnal circle have during the day a southern inclination (in nor- 
thern latitude) above the horizon. But, below the horizon 
at night, the base lies to the north of the udatXsta-sutra as 
then the diurnal circles incline to the north. Tho s'anku- 
tala's place has thus been rightly deiinedi 

41. The s'anku-tala lies to the south of the extreme point 
of AGRA when that AOBi is north and when the agba is south, 
the 8 ANK0-TALA lios stiU to the south of it. The difference 
and sum of tho sine of amplitude and s'anku-tat.a has boon 
denominated the bXhu or dhuja ; it is the sine of tho degrees 
lying between tho prime vertical and tho planpt on tho plane of 
the horizon. 

42. [Taking this b^hu as one side of a right-angled 
triangle.] The sine of the zenith distance being the hypothe- 
nuse then the third side or the koti being the square root of 
the difference of their square's will be found : it is an east and 
west portion of the diameter of the prime vertical.* 

I now propose to explain the triangles which aro created by 
reason of the Sun's varying declination : and shall then proceed 
to explain briefly also the latitudinal triangles or those created 
by different latitudes. [The former are called KUi^NTi-KsnETBAS 
and the latter aksha-kshbtras.] 



* Vide accompanjing dia- 
gram. 

a being plaoe of the 8an : d its 
place of riling in the horiion : 

d h the UDATA'iTA-SdTBl. d f 

the agba' : a 6 the b'abkv-tala t 
then a ^ is the ba'hv and the 
triangle a m g U the one here 
represented to.— L. W. 
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43. In the 1st trianglo of declination. 

Ist. The sine of declination = bhuja or base, 

tho radius of diurnal circle cor-l ^^ 

respondincr with the declination >- •,. , 

^ . ^ pendicular, 

above given -^ 

and radius of large circle = hypothenuse. 

2nd. Or in a right sphere. 

Tho sine of J, 2 or 3 signs = hypothenuse : 

The declination of 1, 2 or 3 signs in six\ nwiriia 

r' ^— BHUJAS. 

o'clock line J 

44. Sines of arcs of diurnal circles cor- <i 
responding with the declination l = kotis. 
above given J 

'Lliose sines being converted into terms of a large circle : 
and their arcs taken^ they will then express the times in asus 
which each sign of the ecliptic takes in rising at the equator 
i. e. the right ascensions of those signs or the lankodayas, 
that is the 2nd will be found when the 1st is subtracted from 
two found conjointly^ and the 3rd will be found when tho 
sum of the 1st and 2nd is subtracted from throe found con- 
jointly. 

45. In the right-angled triangle formed by the s anku 
Triangles arise from lati- or gnomon when the Sun is on Uie 

*"^*' equinoctial.* 

1st. The s'anku of 1 2 digits = the koti. 

Tlio rATiABni[ or tho shadow of s'anku "i 
or gnomon J = U^o bhuja 

and the AKSHA.KAR^•A li=*lV® "^"^^ """^ 

(. hypothenuse 

or 2nd. The sine of latitude = bhuja. 

The sine of co-latitude = koti 

and radius = hypothenuse 

This trianglo is found in tho plane of the meridian. 



[* Tlin right, angle trinnglca stotcd in the (Ire Tcrsca from 45 to 49, are clcarlj 
6ccn bjr fastening some diuiuolrial threads wilhin tho amiillary sphere. As 
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46. Or the sine of declination reckoned -^ 
on theuNMANjpALA from theeast and westline J "~ ^^^^* 

KujyX, the sine of ascensional difference") 
in the diomal circle of the given day J 




Lei Z Q N H be the meridiiin of the gi? en pUee, G A H the diameter of the 
horison, Z the Zeuith, P and Q the north and south pok'8, E A F the diameter 
of the equiiioctiiil, P A Q tluit of tlie six o'olook lino, 0/0 that of one of iho 
diurnal circles, and B B, / A the perpendiculars to G II. Then it is clear from 
this that 

Z B or H P = the latitude^ 

A U ss the sine of it, 

B B = the oo-sine of it, 

A /=s the declination of a planet roToWing in tho diurnal 

circle whose dimiiutur is i>, 
•nd .*. A y =s the aqba or tho sane of uuiplitudo, 
/ ^ = the kujya', 
A e s= the bama-ba'nkv or the sine of the planet's altitude 

when it reaches the prime vertical. 
e^ = the TADDURiTi, 

0/ s=s the TADDHfLfTI— KUJTA', 

/A = the UNMAKDALA s'anku OF the sine of the pUnet's 

altitude when it rouchos the six o'clock liuu, 
A A = tho AauA'Di-KiiANUA or the 1st |M)rtion of the sine 
of amplitude, 
and h^ = the AORA'auA-KaAH^A or the 2nd portion of the sine 
of amplitude ; 
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The sine of amplitude in the horizon = hypothenuse 

Tills is a well known triangle. 

47. Or the sama s'anku in the prime ver- -\ 
tical being J 

The sine of amplitude = bhuja 

The TADDH^iTi in the diurnal circle = hypothenuse 
Or 

Taking the sine of declination = bhuja 

and the sama-s'anku = hypothenuse 

Tabdh^iti minus KvnK = koti. 

48. Tlie uNMANpALA SANKU being = bhuja 

The sine of declination will then be = hypothenuse 

And AGRADi KHANDA or Ist portiou of the"! _. 
sine of amplitude will be J 



Therefore, wiih the exception of the first and last the other six triangles 
stated in the Torses are these in succession. A E B, A ^/, A «^, A ef, Afh 
and ^/ A and the first triangle jou wiU get bj dividing tlie three sides of the 
E B 

triangle A E B by and for the last see the note on the verse 49. 

12 

It is clofir from the above described diagram that all of these triangles are 
similnr to ench otlier and conscqaentlj they can be known bj means of propor- 
tion if any of thoiii Ik) known. 

The 8II)])IiXnti0, lisving thus produced BOToml trinnctos similar to these 
original by fastening the threads within tlie armillary sphere, find answers of 
the several questions of tlie spherical trigonometry. Some problems of the 
spherical trigonometry can be solved with greater facility by this Siddjiaiita 
way than the trigonometrical way. As 

Problem. The xenith distances of a star when it has reached the prime 
vertical and the meridian at a day in any place are known, find the latitude in 
the plnoc. 

The way for finding the answer of this problem according to the sidduahta is 
as follows. 

Draw C c J. A Z, (See the proceeding diagram) then e e will be a lati- 
tudinal triangle. 

Now, let a s= G c, the sine of zenith distance, 
5 = A c, the co-sine of Z e, 

C = A e, the SAMA-fifARKU, 

and X =s the latitude. 



Then e = \/a« + (5-c)% 
and e ! ! : A E : A B, 

or \/a' -I- (*— c)* : a : : rad : sin dr ; 
a X Bad 



.*. sm « = 



^a» + (6-c)t,-.B. D.] 
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Op 

Making the unmandala sanku = koxi 
the AGBXanA-KHANDA OF 2nd portion of the! 

• ^ >= BHUJYA 

sine of amphtudo is J 

the KujYA then becomes = hjrpothoniiso 

49.* The s'anku being = koti 

and the s'anku-tala = bhuja 

Tlien the chhedaka or h^liti = hypothenuso 

Those who have a clear knowledge of the spherics having 

thus immediately fonnod thousands of triangles should oxpluiu 

the doctrine of the sphere to their pupils. 

End of Chapter VII. on the principles of the rules for 
resolving the questions on time, space and directions. 



Chapteb VIII. 

Called Grahana YAqksL 

In explanation oftlie cause of eclipses of the Sun and Moon. 

1. The Moon, moving like a cloud in a lowor sphere, 

»,. . .. ,. overtakes the Sun [by reason of its 

The oauM of tho direo- . 

iiont of the beginning and quicker motion and obscures its shin- 
end of the Bokr eolipee. . ji*!-!*. ^iiiini 

ing disk by its own dark body : J hence 

it arises that the western side of the Sun's disk is first obscured, 

and that tho eastern side is the last part relieved from tho 

Moon's dark body : and to some places the Sun is eclipsed and 

to others is not eclipsed (although he is above the horizon) 

on account of their different orbits. 

* This triangle difTdra from the Itt of the 47th yerte only in this respect thnt 
tho base of the trianele in the 4^ih Torse is oqaal to tho sine of tlie whoh ampli- 
tude while the base lonnd when the Suii is not in tho prime Tertical, will always 
be more or less than the sine of amplitude and is tlierofoi-O goiieruUy called 
bankutAla.— L. W. 
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2i At tho ciidnge of the Moon it often so littppotis that an 

frx ^ t lu It observer placed at the centre of the 
Tlie CAuso of tlie parallAX ' 

in longitude and that in flarth^ would find the Sun when far 
from the zenith^ obscured by tho 
intervening body of the Moon^ whilst finother obseirv^r on 
the surface of the Earth will not at the same time find him 
to be so obscured^ as the Moon will appear to him [oil the 
higher elevation] to be depressed from the line of Vision 
extending from his eye to the Sun. Ilence arises the necessity 
for the correction of parallax in celestial longitude and parallflx 
in latitude in solar eclipses in consequence of the difference of 
the distances of the Sun and Moon. 

3. When tho Sun and Moon are in opposition^ the Earthed 
^, - .. shadow envelopes tho Moon in dark- 

TIio reason of tlio corroc- *^ 

iiou of ptirallai not being ness. As the Moon is actually enve- 

necessart in lunar eclipsesi i i • -t i •». ^^ * n 

loped m darkness, its eclipse is equally 

seen by every one on the Earth's surface [above whose horizon 

it may be at the time] : and as the Earth's shadow and the 

Moon which enters it^ are at the same distance from tho Earthy 

there is therefore no call for the correction of the parallax in a 

lunar eclipse. 

4. As the Moon moving eastward enters the dark sha« 
. The eanw of the direo- ^ow of the Earth : therefore its eastern 
iions of the beginning and side is first of all involved in obscurity, 
end of the lunar eclipse. j -a __ j. • xi- i i. _^« <• 

and its Western is the last portion of 
its disc wliich emerges from darkness as it advances in its 
course. 

5. As the Sun is a body of vast size, and the Earth insigni- 
ficantly small in comparison : the shadow made by the Sun 
from the Earth is therefore of a conical form terminating in a 
sharp point. It extends to a distance considerably beyond 
that of the Moon^s orbit. 

6. Tho length of the Earth's shadow, and its breadth at the 
part traversed by the Moon, may be easily found by propor- 
tion. 
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In the lunar eclipse the EartVs shadow is northwards or 
southwards of the Moon when its latitude is south or north. 
Hence the latitude of the Moon is here to be supposed invorso 
(i, e. it is to be marked reversly in the projection to find the 
centre of the Earth's shadow from the Moon.) 

7. As the horns of the Moon, when it is half obscured form 

„ very obtuse anorlcs : and the duration 

Tlio deierm I nation of the "^ . . , 

ooTorer in the eolipae of the of a lunar eclipse IS also very great. 

Sun and Moon. ^^^^^ ^j^^ ^^^^^^^ ^^ ^^^ ^^^^ j^ 

much larger than it. 

8. The horns of the Sun on the contrary when half of its 
disc is obscured form very acute angles : and the duration of a 
solar eclipse is short j hence it may be safely inferred that tho 
dimensions of the body causing the obscuration in a solar 
eclipse are smaller than and different from tho body causing 
an eclipse of the Moon.'l' 

9. Those learned astronomers, who, being too oxclusivoly 
devoted to the doctrine of the sphere, beUeve and maintain 
that RiHU cannot be the cause of the obscuration of the Sun 
and Moon, founding their assertions on the above mentioned 
contrarieties, and differences in the parts of the body first 
obscured, in the place, time, causes of obscumtion &c. must 
be admitted to assert what is at variance with the SanhitX, 
the Ybbas and Pub^nas. 

10. All discrepancy, however, between the assertions above 
referred to and the sacred scriptures may be reconciled by 
understanding that it is the dark Rahu which entering tho 
EartVa shadow obscures the Moon, and which again entonng 
the Moon (in a solar eclipse) obscures tho Sun by tho power 
conferred upon it by the favour of Brahma. 

* [H«d the Son's coTerer been the tame with that of the Koon, his horns, 
when he is half eclipsed, would hsTe formed, like those of the Moon obtuse 
angles. For the apparent diameters of the Sun and Moon are nearlj equal to 
eaoh other. Or the Moon when it is half eclipsed would hare represent cd its 
horns, like those of the Sun, forming acute angles, if its coverer had been the 
sAme with that of the Sun. But as tliis is not the case, the oorerer of the Moon 
is, of course, different and much larger than that of the Sun.*-B. D.] 
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II. As tho spectator is olovatod abovo iko contro of tlio 

xtn »,* i\ t 1 oarth by half its diameter^ he there- 

Wlinfc 18 tiio cnusa of paml- •' ' 



1(ix, and why it is c&lculntod 
Crom the ndius of the Sarth. 



fore sees tho Moon depressed from its 
place [as found by a calculation made 
for the centre of the Earth]. Hence the parallax in longitude 
is calculated from the radius of the Ei^th^ as is also the parallax 
in latitude. 

12. Draw upon a smooth wall, tho sphere of the oarth 
Construction of diagram ^^"«^^ ^ "^7 convenient scale, and 



to illustrate the 
parallax. 



cauae of the orbits of the Moon and Sun at 
proportionate distances : next draw a 
transverse diameter and also a perpendicular diameter to both 
orbits.* 

13, 14 and 15. Those points of the orbits cut by this 
diameter are on the (rational) horizon. And the point above 

Fig.L 

• In Fig. 1, let R be the 
centre of the earth } A a 
spectator on her surface ; C 
1), F G the Tertical circles 
passing through tho Moon M, 
ond the Sun 8; 1), O the 
points of tho horixon cut bj 
tho Yoriical circles C J), F 
Q I and 0, tho xonith in tho 
Moon's sphere, and F in that 
of the Sun. Now, let B M 8 
be a line drawn from the 
centre of the Earth to the Sun 
in which the Moon Uesalwajfs 
at the time of conjunction,and 
A 8 the Tuion line drawn 
from tho spectator A to tho 
Sun. The distance at which 
the Moon appears depressed 
from the rision line in the 
Tertical circle is her parallax 
firom the Sun. 

When the Sun reaches the xenith F, it is eridont that the Moon also will then 
beat and the vision line, and the line drawn from the centre of the Sarth will 
be coincident. Hence there is no parallax in the cenith. 

Thus the parallax of tho Moon from the Sun in the Yortical circle is here 
shown bj means of a diagram which becomes equal to the difference between the 
parallaxes of the Sun and Moon separately found in the vertical otrcle as stated br 
Bni'sKAVA'onA'BTA in tho chapter on eclipses in the commentary TA^SAKA^BnA - 
BiiTA and the theories and methods are olso giren bj him on the parallaxes of 
tho Sun and Moon. This parallax ia the Ycrtical circle which arises from the 
xonith distance of the planet is called the common parallax or tho parallax iii 
altitude. 

L 2 
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cut by the perpendicular diameter will represent the observer's 
zanith t Then placing the Sun and Moon with their respective 
zenith distances [as found by a proportional scale of sines and 
arcs^] let the lammed astronomer show the manner in whiph 

Fig. %, 
At in Fig. E, let A be a ippota- 
tor on the etrtli'i surfaces % the 
senith \ end Z 8 the Tertioal oirole 
p«Ming through the planet S i Let a 
oirole ^' m r be detoribod with centre 
A and radius E S which outs the lines 
A Z and A S produced in the points %' ^ 
and r : Let a line « m be drawn pa- 
rallel to B ^, then the aro 'l' m will * 
l>e equal to the aro ft S. Kow tlie 
planet 8 seen from B has a senith dis- 
tance ft 8 and from A,a lenithdistjmoe 
Z'r greater than ^8 or ^'m bj the 
aro m r, hence the apparent place r of 
$he planet it depressed bj m r in the 
vertical cirpje. ThiB aro fn r is there- 
fore the common parallux of t}je planet, 
which can bo found as followst ^ 

Draw m n porpcndiciilar to A r and 
fOtQA?andletP==B8orAfi 
jt » B A or m 8 I 
p B3 m r the pand- 

lay { 
ilsZSorZ'flithe!^ 

true imiith distance of the planet } 
Und .1, d 'i' p =a Z^ r the apparent lenith distance of the pUmet, 
Then m» = nnp and r o = sin (cf -|- p). 
)f ow bj similar triangles A r o, 8 m ». 

Ar I ro = 8m : mn^ 
or fi t Bm (d + p) = h ; sin j> s 

*Xsin(d+p) 
.•. sin p =5 — . 

Henoe, i^ it efident from |his that when thp sin (d «!- p) = B or (i 4* jp a 
Q0*« then Uie parallax will be greatest und if it be denoted bj P, 

sinP X nnid-^p) 
t}n F = A and .t, tin j> = ■ 

B 
VoWt ihe parallax It gpnepdly to tmali that no tousiblo orror is introduooil b/ 
loaking tin p ssp and sin F s= p } 

^ F>Ctin(il+p) 

... f ^ , 

•Again, for the reaton jptt mentioned tin <i is assumed for sin (i -f p) in the 

P. sin a 

that is, the common parallaz of a planet is found bj multipl/ing the greatest 
{Mirallax by the sine of the xenith distance and dividing the product by the 
radius,— B. D.] 




Digitized by 



Google 



VIII. 20.] Siddlidnta^s'ironwni. 181 

tho parallax orisos. [For this porposo] lot him draw ono lino 
passing the centre of the earth to the Sun's disc : and another 
which is callod tho D^iKStixBA or lino of vision, lot him draw 
from the observer on the Earth's surface to the Sun's disc. The 
minutes contained in the arc, intercepted between these two 
lines give the Moon's parallax from the Sun. 

16. (At the new Moon) the Sun and Moon will always 
appear bj a lino drawn from the centre of the earth to bo 
in exactly the same place and to have the same longitude : 
but when the Moon is observed from the surface of the Earth 
in the Di^ixst^TRA or line of vision, it appears to be depressed, 
and hence the name lambana, or depression, for parallax. 

17. (Whon the new Moon happens in the zenith) then tho 
lino drawn from the Earth's centre will coincide with that 
drawn from its surface, hence a planet has no parallax when 
in the zenith. 

Now on a wall running due north and south draw a diagram 
OS above prescribed ; [i. e. draw the Earth, and also the orbits 
of the Sun and Moon at proportionate distances from the Earth, 
and also the diameter transverse and perpendicular, &c.] 

18. Tho orbits now drawn, must be considered as D]||iiKsnE« 
FA-v^iTTAS or the azimuth circles for the nonagesimal. The 
sine of the ^nith distance of the nonagesimal or of the latitude 
of the zenith is the d^kshspa of both the Sun and Moon. 

19. Mark the nonagesimal points on the djquikshbpa-vjqlittas 
Itt the distance from the zenith equal to the latitude of the 
points. From these two points (supposing them as the Sun 
and Moon) find as before the minutes of parallax in altitude. 
These minutes are here Nati-kal^s, i. e. the minutes of the 
parallax in latitude of the Moon from the Sun. 

20. The difleronco north and south between the two orbits 
i, e. tho measure of their mutual inclination, is the same in 
ovory part of tho orbit as it is in tho nonagesimal point, honco 
this difference callod nati is ascertained through the dj^iksue- 
fk or the sine of the zenith distance of the nonagesimal.* 

[* Wllpa ilio f\a\\^^ 10 dppreMod in ilio Tortical circle, ita norili and south 
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21, The amount by which the Moon is depressed below the 
Sun deflected from the zenith [at the conjunction] wherever it 
bo, is the oast and west difference between the Sun and Moon 
in a vertical circle.* 

distance {rom its orbit caused bj this depression is called NiTi or the parallax 



iu latitude. 

As, iu Fig. 3, let Z be the xenlth ; N the nona- 
gesimal-; Z N P its Tertical circle ; N « r the 
ecliptic ; P its pole \ Z 9 i the Tertical circle 
passing through the true place 8 and the depress- 
ed or apparent place i of the Sun ; P < r a 
secondary to the ecliptic passing through tho 
apparent place t of the 8un ; then « r is tho 
SPABUTA LAMDAN4 or the parallax in longitudo 
and i r the ha.ti or the parallax in latitude which 
can be found iu the following manner according 
to the biddhImtas. 

Let Z N be the senith distance of the nona- 
gesimal and Z 8 that of the Sun | then b/ the 
triangles Z'S8,ttr 

siu Z S : sin Z N = sin « ^ : sin r i, 
siu si X sin Z N 
.*. sin r ^ = ■ ■ ) 

sinZS 
Now, « < is taken for sin « t, and r ^ for ein r ^, 
pn account of their being lerj small 
« ^ X sin Z N 

,\ri=s 5 

sinZS 

but according to the biddhIntab 
P . iin Z 8 
* * = ■ (see the preceding note).. 



Fig. 3. 




••. r < • 



R 

.sinZN 



(1) 



(2) 



that is, the HATI is found by multiplying the sine of the latitude of the nona- 
gesimai by the greatest parallax and di? iding the product by the radius. 

It is clear from this that the north and south distance frem tho Sun depressed 
in the rertioal circle to the ecliptic where? er he may be in it, becomes equal to 
the common paralUx at the nonagosimal, and lionco the vati is to be determined 
from the seuith dbtance of the nonagesimal. 

For this reason, by iubtractiiig the hati of the Sun from that of the Moon, 
which are separately found in tho way abo?e mentioned, the parallax iu latitude 
of the Moon from the Sun is found : and this bocomos equal to the diirorcnoo 
between the mean parallaxes of the Sun and Moon at the nonagesimal. The 
same fact is shown by BHifiKAsIoHlBYA through the diagrams sUted in the 
Tersea 12th &o. -o o 

At the time of the eclipse as the latitude of the Moon reToWing in its orbits is 
Tery small, the Moon, therefore, is not fisir from the ecliptic; and hence the 
parallax in longitude and that in latitude of the Moon is hero determined from her 
corresponding plauo iu tlio ecliptic, on account of tho dillcrouoo bciug very 
small. — B. D.] 

• [According to the technioality of the Siddhantos, tho distance taken in any 
circle from any point in it, is called the oast and west distonco of tho pobt, and 
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22. For this reason^ the differenco is two-fold, being partly 
east and west, and partly north and south. And the ecliptic 
IS here east and west, and the circle secondary to it is north 
and south. (It follows from this, that the east and west 
difference lies in the ecliptic, and the north and south differ- 
ence in the secondary to it.) 

23. The difference east and west has been denominated 
LAMDANA or parallax in longitude, whilst that running north 
and south is parallax in latitude. 

24. The parallax in minutes as observed in a vertical circle, 
forms the hypothenuse of a right angle triangle, of which the 
nati-kalX or the minutes of the parallax in latitude form one of 
the sides adjoining the right angle then the third side found by 
taking the square-root of the difference of the squares of the 
two preceding sides will be sphuta-lambana-uptA or the 
minutes of the parallax in longitude.* 

25. The amounts in minutes of parallax in a vertical circle 
may be found by multiplying the sine of the Sun's zenith 
ilistauco of the minutes of tho extreme or liorizontal parallax 
and dividing the product by the radius. Thus the nati will 
bo found fi*om tho nij^iKSUBrA or the sine of the nonagesimal 
zenith distauce.f 

26. The extreme or horizontal parallax of the Moon from 
the Sun amounts to xV P^^ ^^ ^^^ difference of the Sun's and 
Moon's daily motion. For x*j part of the tojanas, the distance 
of which any planet tmverses per diem (according to the SID- 
dhXntas) is equal to the Earth's radius. 

27. The minutes of the parallax in longitude of the Moon 
from the Sun divided by the difference in degrees of the daily 

tlio distiinco tnkon in tlio scoondftry to tlmt cirolo from tho same point, is oallod 
the north nnd south disUnoe of that point. — B. D.] 

* [See Fig. 8, in wliich bj assuming the triungle r « < as a plane riffht-angled 
triangle, rt = bas e, « ^ = hypothenuse and « r s= perpendioular, and tliercfore 
, r = ^/ # <•— r <«.— B. D.] 

t [Tliis is clear from the equations (1) and (2) shown in the preceding large 
note.— B. D.] 
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motions of tho Sun and Moon will be converted into aHAfis 
[i, e, the time between tho true and apparent conjunction] .* 

If the Moon be to the east [of thenonagesimal], it is thrown 
forward from the Sun, if to the west it ia thrown backward (by 
the parallax). 

28. And if the Moon be advanced from the Sun, then it 
must be inferred that the conjunction has already taken place 
by reason of the Moon's quicker motion ; if depressed behind 
the Sun, then it may be inferred that the conjunction is to 
come by the same reason. 

Hence the parallax in time, if the Moon be to the east [of 
the nonagesimal] is to be subtracted from the end of the tithi 
or the hour of ecliptic conjunction, and to be added when the 
Moon is to the west [of the nonagesimal]. 

29. Tho latitude of tho Moon is north and south distance 
between the Sun and Moon, and the nati also is north and 
south. Henco the BPCnk or latitude applied with the nati or 
the parallax in latitude, becomes the apparent latitude (of the 
Moon from the Sun). 

Valana or variation (of the ecliptic). 
[The deviation of the ecliptic from the eastern point (in 
reference to the observer's place) of a planet's disc, situated 
in the ecliptic is called the VAiiANA or variation (of the ecliptic). 
It is evident from this, that the variation is equivalent to tho 
arc which is the measure of the angle formed by the ecliptic 
and the secondary to the circle of position at the planet's 
place in the ecliptic. It is equal to that arc also, which is the 

* It is olear from tlio following proportion. 
If dilforonce in minutot of cUil/ luotionB of Sun and Moon. 
: 60 aHiTiB — what will 

: : giTon Lambava — ka.'i.a8 or minntes of the parallax giro j 
60 X glTon minutes of the parallax 

or — — ■ 

diflf. in minutes of Sun's and Moon*8 motions 
giren minutes of the parallax 

= ' = acceleration or delay of con- 

diff. in degrees of Sun's and Moou*s motions 

junction arising from parallax.— L. W. 
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measure of tlio angle at the place of the planet in the ecliptic 
formed by the circle of position and the circle of latitude. It 
is very difficult to find it at once. For this reason^ it is 
divided iijito two parts called the Aksha-valana (latitudinal 
variation) and the iTANA-VALANA (solstitial v^ation). The 
Xksha-valana is the arc which is the measure of the angle 
formed by the circle of position^ and the circle of declination at 
the place of the planet in the ecliptic^ and the Itana^valana 
is the arc which is the measure of the angle formed by tlie 
circle of declination and the circle of latitude. This angle is 
equivalent to the angle of position. From the sum or differ- 
ence of these two arcs, the arc which is the measure of the 
angle formed by the circle of position and the circle of latitude 
is ascertained, and hence it is sometimes called the s'pashta- 
VALANA or rectified variation. 

Now, according to the phraseology of the SiddhXntas, the 
point at a distance of 90* forward from any place in any 
circle is the east point of that place, and the point at an equal 
diatunco backwards from it is the west point. And, the right 
hand point, 90* distant from that place, in the secondary to 
the former circle, is the south point, and the left hand point, 
is the noi'th point. According to this language, the deviation 
of the east point of the place of the planet in the ecliptici, from 
the east point in the secondary to the circle of position at the 
])lauet's place, is the valana. But the secondary to the circle 
of position will intersect the prime vertical at a distance of 
90** forward from the place of the planet, and hence the 
deviation of the east point in the ecliptic from the east point 
in the prime vertical is the valaka or variation, and this results 
equally in all directions. When the east point in the echptio 
is to tlie north of the east point in the prime vertical, the 
variation is north, if it be to the south, the variation is south. 

The use of the valana is tliis that, in drawing the projec-' 
tions of the eclipses, after the disc of the body which is to be 
eclipsed is drawn, and the north and south and the east an^l 
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west lines are also marked in it^ which lines will^ of coarse^ 
represent the circle of position and its secondary^ the direction 
of the line representing the ecliptic in the disc of the body can 
easily be found through the yalana. This direction being 
known, the exaQt directions of the beginning, middle and the 
end of the eclipse can be determined. But as the Moon 
revolves in its orbit, the direction of its orbit, therefore, is to 
be found. But the method for finding this is very difficult, 
and consequently instead of doing this. Astronomers deter- 
mined the direction of the ecliptic, by means of the Moon^s 
corresponding phice in it and then ascertain the direction of 
the Moon's orbit. 

The VALANA will exactly be understood by seeing the follow- 
ing diagram 




Let E P C be the ecliptic^ ? the place of the planet in it, 
A & B the equinoctial, V the vernal equinox, DAP the prim© 
vertical^ h the point of intersection of the prime vertical and 
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tlio cquiuoctial^ lionco h tUo cost or west point of tho horizon 
and D h equivalent to tlie nata which is found in the Y. 36. 
Again, lot eV c^ aV h and d P / bo tho circles of latitude^ 
declination and position respectively passing through the place 
of the planet in the ecliptic. 
Then, 

the arc/ h which is the measure of i£ h Ff= the iKanK^ 
VAI-ANA : 

the arc b c Z, cV b = the i(TANA- 

VALANA : 

and thearc/c ^cP/=the spashta- 

VALANA. 

Or according to the phraseology of the SiddhXntas 
E the east point of P in the ecliptic ; 

A the equinoctial ; 

D the prime vertical ; 

hence, 
the distance from D to A or arc D A or fb aa the Iksua- 

VAfuVNA : 

A to B orarc A B or fc c = the Itana-valana : 

and Dto B or arc 1) B orfc = tho sPASUTA-VAiiANA 

or rectified variation. 

These arcs can be found as follows 
Let, { = longitude of the planet, 
e = obUquity of the ecliptic, 
d = declination of the planet, 
L = latitude of the place, 

n = NATA, 

X = ItANA- VALANA, 

y = AKSHA- VALANA, 

and Z = rectified valana. 

Then, in the spherical triangle A V E, 

sin B A V : sin A V E = sin B V : sin A B^ 
or cos d : sin e =a cos I : sin z, 

u 2 
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sin c . cos / , 

/. sin X or sine of the Ayana-valana = (A) 

cos ({ 

See V. 32, 33, 34. 

This VAIANA is called north or south ns tho point 1*5 bo north 

or south to the point A. 

And, in the triangle A h D. 

sin D A A : sin A A D = sin J) h : sin D A ; 
here, sin D A A = sin E A V = cos d, 

sin A A D = sin L, 
and sin D A = sin n, 

cos d : sin L = sin n : sin y, 

sin L. sin n 

sin y or sine of the Aksha-valana = (B) 

cos d 

See V. 87. 

The XxsnA-YALANA is called north or south as the point A 
be north or south to the point D. 

And the rectified valana D E:=DA-|-AE, when the 
point A lies between the points D and B, but if the point A 
be beyond them, the rectified valana will be equal to the 
difference between the Xksha and Xtana-yalana. This also 
is called north or south as the point G be north or south to 
the point D. 

The ancient astronomers Lalla, S'lifpATi &c. used tho 
co-versed sin { instead of cos I and the radius for the cos d 
in (A) and the versed sin n in the place of sin n and radius 
for the cos d in (B) and hence^ tho VAiiANAS, found by them 
are wrong, BnisKARAcnAUYA therefore, in order to convinco 
the people of the said mistake mado by Lai.la, S'ufpATi, Jke. 
in finding the valanas refuted them in several ways in the 
subsequent parts of this chapter. — B. D.] 

80. In either the 1st Libra or the 1st Aries in the equi- 
noctial point of intersection of tho 

Xtava-valava* 

equinoctial and ecliptic, the north and 

south lines of the two circles i. e. their secondaries are different 
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ami aro at a distiancc* of tlio oxfcromo docliuation (oftho Sim 
i. e. 24*) from each other. 

31. Hcnco, the Xyana-yalana will then bo equal to the 
sine of 24** : — The north and south lines of these two circles 
however are coincident at the solstitial points. 

32^ 33 and 34. And the north and south lines being there 
coincident^ it follows as a matter of course that the east of 
Mioso two circles will bo tho same. Uonco at the solstitial 
points there is no (Xyana) valana. 

When the planet is in any point of tho ecliptic between tho 
equinoctial and solstitial points^ Xtana-valana is then found 
by proportion, or by multiplying the co-sine of the longitude 
of tho planet by tho sino of 24*, and dividing tho product by 
tlio DTUJTA or the co-sine of the declination of tho planet. 
This Xyana- VALANA is called north or south as the planet bo 
in the ascending or descending signs respectively. 

Thus in Uke manner at the point of intersection of the prime 
vertical and equinoctial, the six o'clock 

J^KSni-TALANA. . 

Imo IS tho north and soutli lino of tho 
equinoctial, whilst the horizon (of the given place) is the north 
and south line of the prime vertical. The distance of these 
north and south lines is equal to the latitude (of the place). 

35. Hence at (the east or west point of) the horizon, the 
AKSHA-VALANA is equal to the sine of the latitude. At midday 
the north and south line of the equinoctial and prime vertical 
is tho same. Hence at midday there is no Aksha-valana. 

36. For any intervening spot, the Xksha-valana is to be 
found from tho sine of the NATAf by proportion. 

First, the degrees of nata are (nearly) to be found by 
multiplying the time from noon by 90 and dividing the 
l)roduct by tho half length of day. 

* [Bj tlio distance of any two great oirolcs is hero meant an aro intorcoptod 
between tliera, of a great eircle througli the poles of which thoj pass. — B. D.] 

t [Here the kata is the aro of tho prime Terticol intercepted between the 
zenith and the secondarj circle to it passing through the place of the planet. — 

B. D.] 
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37. Then tho sine of the nata degrees multiplied by the 
sine of latitude^ and divided by the co-sine of the declination 
of. the planet will be the aksha-valana. If the nata be to 
the east^ the Xksha-yalana is called north. If west^ then it 
is called south (in the north terrestrial latitude). 

The sum and difference of the atana and aksha-valanas 
must be taken for the spashta-yalana. 

fFABHTA-TALAVA. . , . 

VIZ. theur sum when the ayana and 
Xksha-yalanas are both of the same denomination^ and their 
difference when of different denominations i. e. one north and 
the other south. 

38. When the planet is at either the points of the inter- 
section of the ecliptic and prime vertical^ the spashta-yalana 
found by adding or subtracting the atana and aksha-valanas 
(as they happen to bo of the same or different denominations) 
is for that time at its maximum. 

39. But at a point of tho ecliptic distant from tho point of 
intersection three signs either forward or backward^ there is 
no SPASHTA-YALANA : for^ at those points the north and the south 
lines of the two circles are coincident. 

40. However, weire you to attempt to shew by the use of 
tho versed sine, that there was then no spashta-yalana at 
those points, you could not succeed. The calculation must bo 
worked by tho right sine. I repeat this to impress the nilo 
more strongly on your mind. 

41. As all the circles of declination meet at the poles ; it 
Another way of refutotion ^ therefore evident that the north 

ofuaiDgtheyersedsiiie. ^^^ Bouth line perpendicular to tho 

east and west line in the plane of tho equinoctial, will fall in 
the poles. 

42. But all the circles of celestial latitude meet in the 
pole of the ecliptic-called the kadamba, 24* distant from the 
equinoctial pole. And it is this ecliptic pole which causes and 
makes manifest the yalana. 

43. In the ecliptic poles always lies the north and south 
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liuo wliich is porpeudiculor to tho oast and wost lino iii tlio 
plane of the ecliptic. 

To illustrate tliis^ a circle should bo attached to tho sphere, 
taking the equinoctial pole for a centre, and 24^ for radius. 
This circle is called the kadamba-bhbama-vj^itta or the circle 
in which the kadamba revolves (round the pole). 

The sines in this circle correspond with tho sines of tho 
declination. 

All the secondary circlea>to the prime vertical meet in the 
point of intersection of the meridian and horizon, and this 
point of intersection is called sama i. e. north or south point 
of horizon. 

Now from the planet draw circles on the sphere so as to 
meet in the sama, in the equinoctial pole and also in the 
ecUptic pole. 

The three different kinds of valana will now clearly appear 
between these circles : viz. the Xksua valana is the distance 
between the two circles just described passing through the 
sama and equinoctial pole. 

2. Tho iYANA-vALANA is tho distauco between tho circles 
passing tlirougli the ecliptic and equinoctial polos. 

3. The SFASUTA- VALANA is the distance between the circles 
passing through the sama and kadamba. 

These three valanas are at the distance of a quadrant from 
the planet and are the same in all directions. 

48 and 49. Or (to illustrate the subject further) making 

Second mode of iUui tnt- ^^^ planet as the pole of a sphere, 
ing the Spashta-tai^ha. flraw a circle at 90* from it : then in 
that circle you will observe the aksha valana — ^which, in it, 
is the distance of the point intersected by the equinoctial from 
the point cut by tho prime vertical. 

The distance of the point cut by tho equinoctial from that 
cut by the ecliptic is the Xtana — and the distance between the 
points cut by the ecliptic and prime vertical the srAsujA- 

VALANA. 
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50. In this case the plane of the ecliptic is always east and 
west — celestial latitude forming its north and south line. Those 
therefore who (like s'RfpATi or Lalla) would add the s'aua 
celestial latitude to find the valana, labour under a grievous 
delusion. 

51. The 1st of Capricorn and the ecliptic polo reach the 
meridian at the same time (in any latitude) : so also with 
regard to the 1st Cancer. Hence at the solstitial points there 

is no AYANA-YALANA. • 

52. As the Ist Capricorn revolves in the sphere, so the 
ecliptic pole revolves in its own small circle (called the ka- 

DAMBA-BHRAMA-VRITTA rOUnd the polo). 

53 and 54. When the 1st of Aquarius or the 1st of Pisces 
comes to the meridian, the distance in the form of a sine in 
the KADAMBA-DUBAMA-vurrrA, between the ecliptic pole and 
the meridian is the iYANA-vALANA. This valana corresponds 
with the krAntijyX or the sine of declination found from tho 
degrees corresponding to the time elapsed from the 1st Capri- 
comus leaving the meridian. 

55. As the versed sine is like the sagitta and the sine is 
the half chord (therefore the versed sine of the distance of 
the ecliptic pole from the meridian will not express tho proper 
quantity of valana as has been asserted by Lalla &c. : but 
the right sine of that distance does so precisely). Tho ayana- 
VALAKA will be found from the declination of the longitude of 
the Sun added with three signs or 90^. 

56. Those people who have directed that tho versed sine 
of the declination of that point three signs in advance of tho 
Sun should bo used, have thereby vitiated the whole calcula- 
tion. iKSHA- VALANA may be in like manner ascertained and 
illustrated : but it is found by the right sine, (and not by tho 
versed sine). 

57. He who prescribes rules at variance with former texts 
and does not shew the error of their authors is much to be 
blamed. Hence I am acquitted of blame having thus cleaily 
exposed the crroi'S of my predecessors. 
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58. Tlio inapplicability of tlio versed sine may be further 

Anotberwayofrefutotion, illustrated as follows. Make the eclip- 
of usiDg the Tor8od erne. ^^i^ p^j^ ^j.^ ^^^^^ ^ j ^^^ U^^ ^j^^^j^ 

called the jina-y^itta with a radius equal to 24*. 

59. Then make a moveable secondary circle to tiie ecliptic 
to revolve on the two ecliptic poles. This circle will pass over 
the equinoctial poles^ when it comes to the end of the sign of 
Comini. 

60. By whatever number of degrees this secondary circle 
is advanced beyond the end of Gemini, by precisely the same 
number of degrees, it is advanced beyond the equinoctial pole, 
in tliis small jina-v^tta. The sine of those degrees will be 
there found to correspond exactly with and increase as does 
the sine of the dechnation. 

Gl. And this sine is the jCyaka-valana : This valana is tho 
VALANA at the end of the dtnjya. For the distance between 
the equinoctial pole and planet is always equal tp the arc of 
which the dtnjya is the sine i. e. the cosine of the declination. 

02. But as tho value of tho result found is required in 
terms of the radius, it is consequently to be converted into 
those terms. 

As the JiNA-vpTTA was drawn from the ecliptic pole as 
centre, with a radius equal to the greatest declination, so now, 
making the saha centre draw a circle round it with a radius 
equal to the degrees of the place's latitude. (This circle is 

called AKSUA-VflllTTA.) 

63 and 64. To the two samas or north and south points of 
the horizon as poles, attach a moveable secondary circle to the 
prime vertical. Now, if this moveable circle be brought over 
the planet, then its distance counted in the aksha-v^itta or 
small circle from tho equinoctial polo will bo exactly equal to 
that of the planet from tho zenith in the prim'e vertical. Tho 
sine of the planet's zenith distance in tho prime vertical, will, 
when reduced to the value of the radius of Aksha-v^itta 
represent the jCksha-valana. 

N 
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65. Ab in tho Ayana-valana so also in this aksha-valana, 
the result at the end of the dynjya is found ; this therefore must 
be converted into terms of the radius. From this illustration 
it is evident that it may be accurately ascertained from the 
zenith distance in the prime vertical. 

66. I will show now how the iKSHA-VALANA may be also 

ascertained from the time from the planets being on the 

meridian in its diurnal circle. [Tlie rule is as follows.] Add 

or subtract the s'ankutala [of a given time] to and from tho 

sine of amplitude according as tlioy 
Sec Terse 41, Chop. VII. ^^^ ^^ ^^^ ^^^^ ^^. ^f different dono- 

minations (for the bXhu or bhuja). 

67. The sine of the latitude of the given place multiplied 
by the sine of the asub of the time from the planet's being on 
the meridian, and divided by the square-root of tho difforonco 
between tho squares of the buuja (above found) and of tho 
radius, will be exactly the iKSUA-VALANA.* 

• Thif rule and the means by which it has been esUbliahed by BHABKABXonA- 

•^BH^^Ki^^OH^^^^^^^ «>at the BA'niT orBHU^A be found for the 

time of thendddle of the eclipse and that a circle psraUel to the P-^y^ftical 
vTa^wn hiiXir for its centre a point on the axU of the prune vertical distant 
fr:>X SV ^^^^^ verfical. b y the am onnt of tL ba'hit. From this 

as centre and ihe KOri ^^ to = v^rad--BA'iiu« as radius draw a clrole paral- 
1 1 *^ ♦!». nrime Tortioal. This circle called an upavritta will cut the diurnal 
^' 1 t KhnYcS 2 poinU equally disUnt from the nicridiau. Connect tlio^ 
!:!?i Jbv a cK^^^^^^^^^ " ^>»« KATAGHATi'jrX as well in tho 

SfuW^i^r^t the U^^^^ but as these 2 circles dilfer in the magnitude, 

?E nsT^^tSe 2nes of a different number of degrees in eachcircle Now 
IKTA^iuJn'JYi « known, but it U in terms of alarge circle. Eeduce them to 
their value in the diurnal circle. i . i^ 

1 If TUUji : HATAJyA : : byhjta' : sine of diurnal circle. 

ThU sine in diurnal circle is also sine in upavbittA. 

a If UPA.YRlTTA-TttlJYA : this siuC : : TBIJVA cquul to AK8UAJYA. 

3. bIymjya' TUils result : : tbuya : sine of AKfliiA-YALAKA 
now cancel 
and there will remain the rule above stated 

VATAJTA % AMHAJTA' 

* - — == sine of AWHA-TALAMA. 

ijpavbitta-tbuta' 
Here our author makes use of the dinmal circle and upavijttta in tcnn of 
thr^uX and prime vertical, whose porlious dotcnnmo the valaha. Tho 
lllllSSel being parallel to tho larger, the object sought is equally utUmcd. 
-L.W. 



Digitized by 



Google 



VIII. 74.] Suldhanla'H'iromonL 195 

G8. Or tho Xksha-valana may be thus roughly found. 

Multiply the time from the planet's being on the meridian 
and divide the product by the half length of day, the result 
are the nata degrees. The sine of these nata degrees 
multiplied by the sine of the latitude and divided by the 
DYNJYA or the cosine of the declination, will give the rough 

AKflUA-VALXNA. 

G9. rhujo tho disc of tho Sun at tho point at which tho 

^ , , diurnal circle intersects tho ecliptic. 

FurtUor lUustrotion. *. i t . 

The arc of the disc mtercepted be- 
tween these two circles represents the ^Ctana-valana in terms 
of radius of the disc. 

70. This VALANA is equal to the difference between tho 
sine of declination of the centre of the Sun and of the point 
of intersection of the disc and ecliptic ; and it is thus found ; 
multiply the radius of disc by the bhogya-khanpa of the 
BHUJA of the Sun's longitude and divide by 225. 

71. Then multiply this result by sine of 24? and divide by 
tho radius : tho quotient is tho differonco of the two sine of 
declination. This again multiplied by the radius and divided 
by tho radius of Sun's disc will give tho value in terms of tho 
radius (of a great circle). 

72. Now in these proportions the radius of the Sun's disc 
and also radius are in one case multipliers (being in third 
places), and in the other divisors (being the first terms of the 
proportion) therefore cancel both. There will then remain 
rule, multiply the Sun's dhooya kuampa by sine of 24* and 
divide by 225. 

73. And this quantity is equal to the declination of a point 
of ecliptic OO** in advance of Sun's place. Thus you observe 
tliat tho VALANA is found by tho sine of declination as abovo 
alleged, (and not by the versed sine). Abandon therefore, 
O foolish men, your erroneous rules on this subject. 

74. The disc appears declined from the zenith like an 
umbrella ; but the declination is direct to the equinoctial pole : 

N 2 
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tlie proportion of the dynjyX or complement of declination is 
therefore required to reduce the valana found to its proper 
value in terms of the radius. 

End of Chapter VIII. In explanation of the cause of 
eclipses of tho Siin and Moon. 



CHAPTER IX. 

Called DRiKKARAMA-vXsANiC On the 2>r/;ir/^)/(?.< of the Unles fin- 
finding tho timi^s of the rising and setting 
of tlte heavenly bodies. 

1. A planet is not found on the horizon at the time at 
Obieot of the oorrection which its corresponding point in tho 

Sl!'di.^ul.lu'"?i'r^ ecliptic (or that point of tho ecliptic 

plied lo the pUce of the having? the same longitude) reaches 
planet, for finding the point ° , , . . 

of tho eoliptio on the horizon the horizon^ inasmuch as it is olovatod 

w en e p an reao ee i • ^y^Qy^ qj. depressed below the horizon, 

by the operation of its latitude. A correction called drik- 
KARAMA to find the exact time of rising and setting of a planet, 
is therefore necessary. 

2. When the planet's corresponding point in the ocliptio 
reaches the horizon, the latitude then does not coincido with 
tho horizon, but with tho circle of latitude. The olovatiou of 
the latitude above and depression of it below the horizon, is of 
two sorts, [one of which is caused by the obliquity of the 
ecliptic and the other by the latitude of the place.] Hence 
the D^KKARAVA is two-fold, i. e. tho Xtana and tho aksitaja or 
ixsHA. Tho detail and mode of performing these two sorts 
of the correction are now clearly unfolded. 

3. When the two yalanas are north and the planet's 

corresponding point in the ecliptic is 
in the eastern horizon, the planet is 

thereby depressed below the horizon by south latitude, and 

elevated when the planet's latitude is north. 
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4. Wlion the two kinds of yalaka are sonth^ then the 
reverse of this takes place ; the reverse of this also takes place 
when the planet's corresponding point is in the western hori- 
zon. 

[And the difference in tho times of rising of the planet and 
its corresponding point is called the resultant time of the 
DiliiKKARMA and is found by the following proportions.] 

If radius : Xtaka-valana : : what will celestial latitude 
give? 

5. And 
if cosine of the latitude of the given ^ : jCksha-valana 
placo 
: : wluit will srASiiTA s AiiA give ? 

Multiply tho two results thus found by theso two propor- 
tions, by the radius and divide the products by the DYUJYi or 
cosine of declination. 

6 and 7. Take the arcs of these two results (which are 
sines) and by the ASUS found from the sum of or the difference 
between these two arcs, the planet is depressed below or 
elevated above the horizon. The lagna or horoscope found 
by tho direct process (as shown in the note on the verso 
26, Chapter VII.) when the planet is depressed and by the 
indirect process (as shown in the same note) when it is 
elevated, by means of the Asus above found, is its itdaya 
TiAONA rising horoscope or the point of the ecliptic which 
conicB to the eastern horizon at the same time with tho 
planet. 

When the planet's corresponding point is in the western 
horizon, the laona horoscope found then by the rule converse 
of that above given, by means of the place of the planet added 
with G signs, is its asta lagna setting horoscope or tho point 
of the ecliptic which is on the eastern horizon when the planet 
comes to the western horizon. 

8 and 9. For the fixed stars whose latitudes are very 
considerable the resulted time of the diqlikkabma is foimd in a 
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different way. Find the ascensional difference from the mean 
declination of the star, i. e. from the declination of its corre- 
sponding point in the ecliptic, and also from that applied with 
the latitude, i. e. from the true declination. The Asus found 
from the sum of or the difference between the ascensional 
differences just found, as the mean and true declinations are of 
the different or of the same denominations respectively, are the 
ASUS of depression or elevation depending on the aksha 
DRiKKARMA. (Find also the time depending on the Iyana- 
di^ikkarma) : and from the sum of or the difference between 
them, as they may be of the same or different denominations, 
the UDATA LAONA Or ASTA LAGNA may be ascei*tained as above 
found (in the 6th and 7th verses).* 

* Lot A D 13 bo tho inoridian ; B D tlio liorixon, A tlio xcnitli ; K llio 
oust point of tlio horizon j V E G tlie equinootiiil ; K ilio north polo ; L tho 
touth ; P tho planot ; p its oorretponding point in the ocliptio ; JC P /> J tho 
Bccondary to tlio ooliptio piuwing through tho p^mot P, ond honoo p P tho 
latitude. Lot/ P ff the diurnal cirole puasiug through tho planet P and honco 
p B the rectified latitude. 

Now, when the corresponding place of the planet is in the horizon, it is then 
evident from the aooompanying figure, that the phinot is elevated above or 
depressed below the horizon bj its latitude p P and as it is very diflicult to find 
the elevation or depression at onoe, it is therefore ascertained bj moans of its 
two parts, the one of which is from the horizon to the circle of declination, i. e. 
Q to R. This partial elevation or depression takes place by the planet's rectified 
latitude j»B. And the other part of the elevation or depression is from the 
circle of declination to the circle of latitude ; i. e. from B to P and this occurs 
by the planet's mean latitude p P. From the sum or difierence of these two 
ports, the exact elevation of the planet above the liorizon or the depression 
below it, can be determined. When the terrestrial latitude, of the given place 
is north and the planet's corresponding place in the ecliptic is in the eastern 
horizon, the ▲'ksha-yalana is then north and the circle of declination is 
elevated above the horizon to the north. For this reason, when the a'ksha- 
YALiHA is north, tho planet will be elevated above the eastern horizon if its 
latitude be north, and if it be south, the planet will bo depressed below the 
horizon. But the reverse of Uiis takos place when tho A'lcanA-YALANA is south 
which occurs on aooonnt of tho south latitude of tho given ])Iiive, i. o. when tho 
a'ksuA-yalana is south, the oirclo of declination is depressed below tho liorizon 
to the north and henoe tho planet is depressed below it, if its latitude be north, 
and if it be south, the planet is elevated above the horizon. 

Again, when the phmet's longitude terminates in the six ascending signs, it is 
evident that the Xtava-yaTiAKa becomes then north, and the north pole of tho 
ecliptic is elevated above the circle of declination passing through the planet. 
Henoe, when the a'taka-yalaka is north, the planet is elevated above or 
depressed below the circle of declination by its mean latitude, as it is north or 
south. But the reverse of this takes place, when tho A'TANA-VAiiANA is south, 
i. e. the planet is depressed below or elevated obove the circle of declination, 
aa its latitude is north or south. Booauso when the a'yana-valana is south 
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the north pole of the ecliptic lies below the circle of declination and the sonth 
above it. 

Again, when the planet is in the western horizon, the circle of declination 
pnssntg through the place of tlie plonet in tlio ecliptic lies to the north abovo 
the horixon, but the akbua-talana, becomes south and henoe the reverse takes 
place of what is said about the elevation or depression when the planet is in the 
eastern horiEon. But as to the Atava-ta-laka, it becomes north when the 
longitude of the planet terminates in the ascending six signs and the north pole 
of the ecliptic lies below the circle of declination. Henoe the depression of the 
planet takes place when its latitude is north and the elevation when tlie latitude 
IS south. But when the longitude of the planet terminates in the discending 
six signs, the XTAHA-yALANA becomes then south and the north pole of the 
ecliptic lies shove the circle of declination. For this reason, the elevation of tlie 
planet takes place when its latitude is north, and the depression when it is 
south. Thus in the western horizon the elevations and depressions of the planet 
are opposite to those when the planet is in the eastern horizon. 

Now, the time elapsed from the planet's rising when it is elevated above the 
horizon and the time which the planet will take to rise when it is depressed 
below the horizon, are found in the following manner. 
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10. The [Aspashta] S'aea or true latitude [of the planet] 
To find the Ttlue of oe- mi^ltiplied by the DyujyA or cosine 

lestial latitude in terms of a of declination of the point of the ocUp. 
circle of declination, to ron- . ^ ^ ^ *^ 

der it fit to be added to or tic^ three Signs in advance of tho 

sabtraotod from declination. \ l> :!• • i. i -i* 

planet s corrosponding point and di- 

See tho figure abore described in which the angle Q K B or the equinoctial 
arc Q' p' denotes the time of eleration of the pUnet from Q to B, and the time 
of eleration of the planet from £ to P is denoted either by the angle P K R 
or by the equinoctial arc P' f\ Out of these two times Q' p' and P' p , we show 
at first how to find P' p'. 

lu tho triangle Pp B, P jp = the httitudo of the pUnot, Z.Pi>B = tho. 
▲'yava-yalaha and < P B p = — ', and 
.*. B : sin Pp B =: sin Pjp : sin B P I 
or if radius 

: sin of a'taka-yalaha 
= the sine of latitude 
: sin B P. 
Again, by the similar triangles E P B and KV p' 

sin K P : sin B P == sin K P' : sin V p\ 
here, sin K P = cosine of declination and K F = B, 

B X sin B P 

,•. sin P'|>' = 

cos of declination 

Now, the time jp' Q' is found as follows. 
In the triangle jp B Q, p B = the spabhta-b'aba which can be found by the 
rule ffif en in the Y. 10 of this chapter, Z B p Q = akbha-yalaka and 
^.(^ B Q p = co-latitude of place nearly 

and .'. sin j» Q B : sin B jp Q : : sin|» B : sin B Q 
or, if cosine of latitude, 

: sine of AKSHA-YALAVAi 
s BPASnTAVAlU 

: sin B Q ; 
again, by tho triangles E Q B, E Q' p', 

sin K Q : sin Q B «s sin K Q' : sin jp' Q' ; 
here^ sin K Q = oosine of declination and sine E Q' = B, 

B % sinQB 

A sin j>' (y = 

cos of decimation. 

If both of these times thus found, be of the deration or both of tho depres- 
sion, the planet will be derated above or depressed bdow the horizon in the 
time equal to their sum, and if one of these be that which the planet takes for 
its de? tttiou and the other for its depression, the planet will bo dcTated abore 
or depressed bdow the horison in, the time equal to their difference as the 
remamder ii of the time of deration or of that of the depression. The sum or 
difforenoe of the two times just found is called the resulted time of the drik- 
KABiCA in the S'iddhahtas. 

That point of the ediptio which is on the eastern horicon when the planet 
reaches it, is called the udata ^ova rising horoscope of the planet. As it is 
necessary to know this vpata laona for finding the time of the planet's 
rising, we are now going to show how to find the rising horoscope. If the 
planet is depressed by the resulted time abore mentioned, it is evident that 
when the planet will como to the eastern horizoni its corresponding plaoo in the 



Digitized by 



Google 



BIBLIOTHEOA INDIQA ; 



The 

The 
Edited 
III. II 

The 

MlT&A 

An 
by Bill 

The 
RAotA 
and 17! 

The 
and E. 
IX. X. 
160,16 

Tlie 
KAnvi 
IX Ko 

. The] 
publish 

AnS 

• Fo 
BibliotJ 



Digitized by 



Google 






2 8 

6 14 
1 14 

8 12 
1 14 

8 12 

1 4 0. 

1 40 

4 
1 14 

7 80 
1 14 

1 40. 

2 80 
1 14 



Digitized by 



Google 



^. 



r-y 



BIBLIOTHECA INDICA ; 



COLLECTION OF ORIENTAL WORKS 

rUBUBHED XTHDEB THE SUPBBINTBimBKOB OB THB 

ASIATIC SOCIETY OF BENGAL. 
New Sehiss, No. 28. 



HINDU ASTRONOMY II. 

THBJIDDHANTA S'lROMAOT. 
TBAKSLATEB FBOH THE SAITSKBIT BT THE LATE 

LANCELOT WILKINSON, ESQ., C. S. 

AVD 

Retised bx Pakdit Bird Beta S'isTBf, 

UnDEB THE SUPEBINTEHDEHCB OT THB Veb'BLB AbOHDBAOOH PbATT, 

FASCICULUS n. 



CALCUTTA: 

PBIlfTED BY 0. B. LEWIS, AT THB BAPTIST HIBSIOK PBESS. 

1862. 



•© 



Digitized by 



Google 



SANSKRIT WORKS PUBLISHED^ 

IK THE KEW SEBIES. 

Tlio Vais'eshika SAtras, with Commentaries, by Panclita Jaya Narayana 
Tarkapanchanana. Complete in five Fasc. Nos. 4, 5, 6, 8 aiul 10. 

The Sdn^ilya Sdtras with Swapnes'wara's Commentary. Edited by 
Dr. J. R. Ballantyne, LL. D. Complete in one Fasc. No. 11. 

The KauQl^taki-Br&hmana XJpanishad with S'ankai*&nanda's Com- 
mentary, edited with a translation by E. B. Cowell, M. A. Complete 
in two Fasoiouli, Nos. 10 and 20. 

A translation of the Sdrra Siddhdnta and Siddhdnta S'iromaDi) by 
Pandita Bdpii Deya Sastriy under the superintendence of Arch- 
deacon Pratt. Nos. 1, 18 and 28. 



SANSKRIT WORKS IN PROGRESS. 

The Das'a Rdpa with the exposition of Dhanika. Edited by F. £. 

Hall, D. C. L. Fasc. I. II. Nos. 12, and 24. 
The N6rada Panchardtra. Edited by Rev. K. M. Banenea. Fasc. 

I. No. 17. 



Digitized by 



Google 



IX. 11.] Siddliinta-siranwni. 201 

vided by tho radius becomos [nearly] the bpashta or rectified 
latitude^ [i. e. the arc of the circle of declination intercepted 
between the planet's .corresponding point in the ecliptic and 
the diurnal circle passing through the planet] . This rectified 
latitude is used when it is to be applied to the mean declination 
and also in the Xksha d^ikkabma.^ 

11. Tlio colostial latitude is not reduced by Brahhagupta 



eeliptio will be elerated above it bj the resulted time. For Ibis reuon, baTing 
aMiimed the correepoiiding place of Uie planet for tbe Snn, find the horoscope 
by the direct proo«M through the resulted time and this will be the rising 
horoscope. Bat if the planet be elevated above the horizon bjr the resulted tiine^ 
its corresponding place trill then be depressed below it bjr the same time when 
the planet will come to it. Therefore, the horoscope found by the indirect 
process through tho rosuttod time ; will be the rising iioroscope o/tlie planet. 

Tliat point of the ecliptic which is on the eastern horizon when the planet 
oomes to the western horizon, is called the asta lagha or setting horoscope of 
the planet. As it is requisite to know the setting horoscope for finding the 
time of setting of the planet, we therefore now show the waj for finding the 
setting horoscope. If the planet be depressed below the western horizon bjr the 
resulted time, it is plane that when the planet will reaches it, its corresponding 
place will be elevated above it bv the resulted time and consequently the 
corresponding plaoe of the planet added with six signs will be depressed below 
the eastern horizon bj the same time. Therefore, assume the corresponding 
place of the planet added with six signs for the Sun and find the horoscope by 
the indirect process, through tho resulted time and this will bo tho abta laoma 
setting horoscope. But if the planet be depressed below the western horizon, its 
corresponding place added with six signs will then be elevated abovo the oaatcm 
horizon bj the resulted time and hence tho horoscope found by tho direct process 
will then be tho asta laona sotting horoscope. 

Now tho time p' Q' which is detotnined above through the trianglo « B Q, is 
not the exact one, because, in that triangle the angle pC^Ru assumea equal to 
the co-latitude of the given place, but it cannot be exactly equal to that, and 
oonseouently the time p' Q' thus determined cannot be the exact time. But no 
considerable error is caused in the time p' Q' thus found, if the latitude be of a 
planet, as it is always smalL As to the star whose latitude is considerable, the 
* time p' Q' thus found cannot bo the exact time. The exact time can bo found 
as follows. 

Bee the preceding figure and in that take B for a star and p the intorsooting 
point of the ecliptic, and the circle of declination passing through the star B then 
p p' is called the mean declination of the star, B p^ the rectified latitude and Bp' 
the rectified declination. 

Now, find the ascensional diflbrence B p' through the mean declination p p' 
and the ascensional difference E Q' through the rectified declination B p' or 
Q Q'. Find the difforence between these two ascensional diflTerenoee and ihia 
diffbrenoe will bo equal to p' Q' i. e. B Q'— R p' && p' Q^ But it occurs then 
when p and B are in the same side of the equinoctial F G and when p is in one 
side and B in the other of the equinoctial, it is evident that p' Q' in this case 
will be equal to the sum of the two ascensional diflieronoes.— B. B.] 

>•/ * This rule is admitted by BuXskabXohArta to be incorrect; but the 
U error being small, is neglected. Instead of using theDTUjyi, the tabuti should 
have been adopted. 
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[IX. 12. 



Omission of tito last 
mentioned correction or re- 
duction of Celestial latitude 
to its ▼hIuo in declination, 
by B&AUMAauPTA and 
others. 



and other early astronomers to its value 
in declination : and the reason of this 
omission^ seems to have been its 
smallness of amount. And also it is 
tlie uncorroctod latitude which is 
used in finding the half duration of the eclipses and in their 
projections &c. 

12. As the constellations are fixed, their latitudes as given 
in the books of these early astronomers are the spashax- 
b'aras, i. o. the reduced values of the latitudes so as to render 
them fit to be added to or subtracted from the declination ; 
and the dhbuvas or longitude of these constellations are given, 
after being corrected by the Itaka drikkarma so as to suit 
those corrected latitudes that is, the star will appear to rise at 
the equator at the same time with longitude found by the 
correction. 

Let ad he equinootial and F the oquinootial pole, 

d h ss Ecliptio, 
h $ = Celestial hititude, 

h os=s Celestial hititude reduced to its Talae in 
declination is KOji, 

# sa BHUJA being aro of diurnal circle e s ^ 
9 ess kb portion of diurnal circle of tliephinet*B 

longitude at b. 
The triangle s ob or s k bn assumed to be a Dio- 

YiLAMAJJl TUYABBA. 

The angle $b e=^ Itaka-valama or the angle of 
the iuclinution of s b which 
goes to ecliptio pole with b o 
which goes to equinoctial 
pole, ^ 

Hence this triangle tbow called digyalanaja 
TETBBA, the angle tbe varjfing with the Ayana-talaka. If 6 were at the 1st 
OAncer, then the north line abe which goes to the polo would go also to the 
ecliptic pole, a e t - 

llence the aspabuta ba'ba, and bpasuta b'aba of a star of 90^ of latitude 
being both represented by b o would be the same. To the longitude of a star 
being 270^ its abpabuta and bpabhta bIba would be the same.— L. W. 
prhe rule stated in this verse is founded upon the following principle. 
Assuming the triangle # i o as a phtne right-angled triangle and the anfle 

# i e, as the declination of the point of the ecliptic three signs in advance of the 
planet's corresponding place, because this declination is nearly equal to the 

iYANA-VALAHA, WC llOtC, 

%in9 ob ', cos 9b oi=zb 9 lb e I 
or R : TA8HTI or nearly the cosine of the declination of the planet's place 9*0 -f 
= Culcbtiul latitude : rcctiflud la(itudc.<~D. D.] 
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13. Those astronomors, who have inentionod that celestial 

latitude is an arc of a circle of de« 
po8c« the incorrect theory clmation, ai'C stupid. Were the ce- 
ofcertain of his predecessors, j^gtial latitude nothing more than an 

by quoting their own pi-ao- ^ o 

Uce which is irreconcilable arc of a circle of declination^ then why 
with their own theory. ,,-•., ,t i t i 

should they or others have ever had 
recourse to the Xyana d^likkarma at all? (The planets or 
stars would appear on the six o'clock line at the time that the 
corresponding degree of the ecliptic appeared there.) 

14. How moreover have these same astronomers in deline- 
ating an eclipse marked off the Moon's latitude in the middle 
of the eclipse on sPASHTA-VAiiANA-stiTRA or on the line denoting 
the secondary circle to the ecliptic? and how also have they 
drawn perpendicularly on the VALANA-stJTBA or the line repre- 
senting the ecliptic, the latitudes of the Moon at the com- 
mencement and termination of the eclipse. 

15. How moreover, have they made the latitude koti, i. e. 
perpendicular to the ecliptic and thus found the half duration 
of the eclipse ? If the latitude were of this nature, it would 
never be ascertained by the proportion (which is used in 
finding it). 

16. A certain astronomer has (first) erroneously stated the 

Censure of the astrono- DJBIIKKARMA and VALANA by the versed 

men who erroneously used . qijj course has been followed 

the versed sine in the dbik- 

KABMA and YALANA. by othors who followed him like blind 

men following each other in succession: [without seeing 

their way] . 

1 7. BRAnMAGUPTA's rule, however, is wholly unexceptionable, 

but it has been misinterpreted by his 
Praise of Beahmagufta. f^y^^^^^ My observations cannot be 

said to bo presumptuous, but if they are alleged to be so, 
I have only to request able mathematicians to weigh them 
with candour. 

18. The D^-iKKARMA and valana found by the former astro- 

o 2 
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nomers through the vorsod sine are erroneous : And I shall now 
give an instance in proof of their error. 

19 and 20. In any place having latitude less than 24* N. 

An insunoe in proof of multiply the sine of the latitude of the 
the error. place by the radius and divide the 

product by the sine of 24o or the sine of the obliquity of the 
ecliptic and take the arc in degrees of the result found. And 
find the point of the ecliptic^ the degrees just found in 
advance of the 1st Aries. Now, if from this point the planet's 
corresponding point on the ecliptic throe signs backwards or 
forwards, be on the western or eastern horizon respectively, 
then the ecliptic will coincide with the vertical circle, and the 
horizon will consequently be secondary to the ecliptic. Hence 
the planet will not quit the horizon, though it be at a distance, 
of extreme latitude from its corresponding point in the ocliptio 
[which is on the horizon], as the celestial latitude is perpen- 
dicular to the ecliptic.^ 

21. In this case the resulted times of the dirlikkabma being 
of exactly the same amount but one being phis and the other 
minus, neutralize each other [and hence there is no correc- 
tion] . Now this result would not be obtained by using the 
versed sine — Whence let the right sine (as prescribed) be always 
used for the di^ikkabha. 



* [It if erident that the longitude of this point if equiJ to the arc through 
which it if found, and as the point of the ecliptic 8 signi haokwardi or forwarda 
from this point if asaumed on the horiion, this point therefore will at that time 
be the nonageaimal, and aa the longitude of that point or nonageaimal if leaa 
tlian 90* the declination of thia point will be north. Tbif declination equala to 
the latitude in queation. For 

^ % fin latitude 

*.* The tine of the latitude of the point s • (bj the aa- 

f in 24* 
fumption) 

fin £4® X iin longitude of the point 
.•. fin latitude ss , but thia ^ fin de- 

Badiua 
dination. 

.*. The deolination of that point or nonageaimal equal to the latitude of the 
place. And hence, if the latitude be north the nonageaimal will be in the 
semtb. For thia reaaon the eoliptio will ooinoide with the Tertioal circle.— B. D.] 
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22. Again here^ in like manner^ it ia from the two valanas 
having different denominations^ but equal values^ that they 
mutually destroy each other. By using the versed sine, they 
would not have equal amounts, hence the valanas must be 
found by the right sine. 

[In illustration of the fact that the valana does not corre- 
spond with the versed sine, but the right sine BnASKARicHiBTA 
gives as an example.] 

23. When the Sun comes to the zenith [of the place where 
the latitude is less than 24^] , and consequently the ecliptic 
coincides with the vertical circle, the spashta valana then 
evidently appears to be equal to the sine of the amplitude of 
the ecliptic point 90^ in advance of the Sun's place in the 
horizon. If you, my friend, expert in spherics, can make the 
SPASHTA VALANA equal to the sine of amplitude by means of the 
versed sine, then I will hold the valana found in the DHfvjQLiD- 
DUiDA TANTRA by Lalla and in the other works to be correct. 

[To this BHi(sKARACHi(BTA adds a further most important 
and curious illustration :] 

24. In the place where the latitude is 66® N. when the 
Sun at the time of his rising is in 1st Aries, 1st Taurus, 1st 
Pisces, or in 1st Aquarius, he will then be eclipsed in his 
southern limb, because the ecliptic then coincides with the 
horizon. Therefore, tell me how the spashta valana will be 
equal to the radius by means of the versed sine ! 

[In the snmo manner the DjgLiKKARiiA calculation as it 
depends on the valana, must be made by the right sine and 
not by the versed sine and for the same reasons.] 

26. Even clever men are frequently led astray by conceit 

Caiwe of error in Lalla ^ ^^^ ^"^^ quick intelligence, by 
and others, itoted. ^i^^^ ^^ j^^y ^^ ^j anxiety for 

distinction, by their confidence in others and by their own 
negligence or inadvertence, when it is thus with the wise, 
what need I say of fool ? others, however, have said : — 
26. Those given to the service of courtezans and bad poets. 
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are both distinguished by their disregard of the criticisms and 
reflections of the world, by their breach of the rules of time 
and metres, and their destruction of their substance and of 
their subject, being beguiled by the vain delight they feel 
towards the object of their taste. 

End of Chapter IX. called Drikkabma-vasanA. 



CHAPTER X. 

Called S'BiNOONNATi-V^SANi in explanation of tlie cause of tlio 
Phases of the Moon. 

1. This ball of nectar the Moon being in contact with rays 
of the Sun, is always illuminated by her shinings on that side 
turned towards the Sun. The side opposite to the Sun dark 
as the raven black locks of a young damsel, is obscured by 
being in its own shadow, just as that half of a water-pot which 
is turned from the Sun, is obscured by its own shadow, 
. 2. At the conjunction, the Moon is between us and the 
Sun : and its lower half which is then visible to the inluibit- 
ants of the earth, being turned from the Sun is obscured in 
darkness. 

That half again of the Moon when it has moved to tho 
distance of six signs from the Sun^ appears to us at tho period 
of full Moon brilliant with light. 

3. Draw a line from the earth to the Sun's orbit at a 
distance of 90^ from the Moon, and find also a point in tho 
Sun's orbit (in the direction where the Moon is) at a dis- 
tance equal to that of the Moon from the earth. When the 
Sun reaches the point just found^ he comes in the line per* 
pendicular at the Moon to that drawn from the earth to tho 
Moon. Then the Sun illumines half of the visible side of the 
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Moon. That is when the Moon is 85^ . . 45' from the Sun 
east or west, it will appear half full to us.* 

4. The illuuiiuatod ])ortion of the Moon gradually increases 
as it recedes from the Sun : and the dark portion increases as 
it approaches the Sun. As this sea-bom globe of water (the 
Moon) is a sphere, its horns assume a pointed or cuspod 
appearance (varying in acutoiicss according to its distance 
from the Sun). 

5. (To illustrate the subject, a diagram should be drawn 
Diagram for iUustratiDg as follows). Let the distance north and 

tlio Bubjcct. soutli between the Sun and Moon re- 

present the 6HUJA, th6 upright distance between them the 
KOji and the line joining their centres the hypothenuse. The 
Sun is in the origin of the bhuja which stretches in the direc- 
tion where the Moon is, the line perpendicular at the end of 
the BHUJA is KOTi at the extremi?iy of Which is the Moon and 
the line stretching (from the Moon) in the direction of the Sun 
is the hypothenuse. The Sun gives light (to the Moon) through 
the direction of the hyimthenuse. 




* This is thus illustrated. Let a repro- 
aent the Earth, h c dihe orbit of the Sun, 
«/= do. of the Moon. . Then it is ob- 
vious that half of the aide of the Moon 
Tisible to ua will bo illuminated whou 
the Sun is at c and not at <i, when tlio 
Sun ia at d it will illumine more than 
half of the Moon's diso \h e\% less than a 
quadrant by the arco </, the sine of which 
a or e^ in terms of the radius of the 
Sun's orbit, equals to the Moon's dis- 
tance from the earth. L. W. 

[The arc h c can be found as follows : — 
In the triniiglo a e e right angled at «r, 
ae r=: 61665 yojanas, a c sr 08U377 
'4S TOJAiriB atHSording to the Siddha'mtas. 



a e 

Then, cos a c = 

a c 



61666 



= . 0748 = cos 85® 



43' 



68U377 
arc 6 c = 86» .. 45' ucarlj.- B. D.] 
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[For instance 



Translation of the 



[X. 5. 




Let S be the San and m the Moon^ then a 8 = bhuja^ 
am=: KOTi, m S = hypothenuse. Then f g ^ line drawn at 
right angles to extremity of hypotenuse will represent lino of 
direction of the enlightened horns and the angle hm d opposite 
to BHUJA will be equal to -*::^ ^ m c = the amount of angle by 
which the northern cusp is elevated and southern depressed^ — 
were the Moon at k, there would be no elevation of either cusp 
either way. For the hypothenuse will also bisect the white part 
of the Moon. If the Sim is north of the Moon, the north cusp 
of the Moon is elevated : if south the southoru cusp. it. W.] 

[Mr. Wilkinson has extracted the following two verses from 
the Ganitadhtata. 

I. When the latitude is 66* N. and the Sun is rising in 1st 
Aries, then the ecliptic will coincide with the horizon ; now 
suppose the Moon to be in 1st Capricorn, then it will appear 
to be bisected by the meridian and the eastern half will be 
enlightened. 

But according to Bbahmagupta this would not occur, for he 
nas declared that the kott will be equal to radius in this case 
whereas it is obviously "nil,'' and it is the bhuja which is 
equal to radius when there is no north and south difference 
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between the Sun and Moon then the koji would be equal to 
the hypothenuse or radius and the bhuja would be " nil/' 

11.^ And the Moon's horns are of equal altitude when there 
is no BHUJA, whilst they become perpendicular when there is 
no KOTi* That the koti and bhuja shall at one and the same 
time bo equal to radius is an obvious incompatibility. But 
what business have I with dwelling on the exposure of these 
errors? Buaumaoupta has here shown wisdom indeed, and 
I offer him my reverent submission I] 

6. I have thus only briefly treated of the principles of the 
subjects mentioned in the Chapters on Madhtagati &c. fearing 
to lengthen my work; but the talented astronomer should 
understand the principles of all the subjects in completion, 
because tliis is the result to bo obtained by a complete know- 
ledge of the spheric. 

End of Chapter X. called S'bingonnati-vasakX. 



CHAI^BR XI. 
Called Yantbadhyaya, on the use of astrotunnicdl instrtmumts. 

1. As minute portions of time elapsed from sun-rise cannot 

be ascertained without instruments, I 
^ ^ * shall therefore briefly detail a few 

instruments which are of established use for this purpose. 

2. The ArmiUary sphere, Niof-VALAYA (the equinoctial), 
the yashji or staff, the gnomon, the guati or clepsydra, the 
circle, the semi-circle, the quadrant, and the pualaka : but of 
all instruments, it is " ingknuity'' which is the best. 

* DnAsKAnXoirXRTA is liore Tory serero on BBAnMiauPTA who of all liis pre- 
dcccMon is ovKlcntlj his favoriio, but truUi seemed to require lliis ooiideinn- 
ation. Ho at tko sauio hero docs justice tu AKYA-BaATTA and tho author of the 
Subta-biddua'mta. Tkojr both justlj concur in saying there is no koji in this 
co8e.-L. VY. 
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3 and 4. (This iiistrument is to be made as before de^ 

^ , .„ „ , scribed, placing the Bhagola starry 

U»e of ArmUlary Sphere. , , . , . ^ , ,. . 

sphere^ which consists of the ecliptic, 

diurnal circles, the Moon's path, and the circles of declination 

&c. vrithin the khaooi^a celestial sphere, which consists of the 

horizon, meridian, prime vertical, six o'clock line, and other 

circles which ren^ain fixed in a given latitude). Bring the 

place of the Sun on the ecliptic to the eastern horizon : and 

mark the point of the equinoctial (in the bhagola) intersected 

by the horizon, viz. east point. Having made the horizon as 

level as water, turn the bhagola westward till the Sun thrcrws 

its shadow on the centre of the Earth. The distance between 

the mark made on the equinoctial and the now eastern point 

of tliQ horizon will represent the time from sun-rise. 

5 and G. The lagna or horosoopo will thou bo found lu 
that point of tlip ecliptip which is cut by the horizon. 

Tuko a wooden circle and divide its outer rim into CO gua- 

_ , TiKis : Then place the twelve sijms 

The Na'di-valata. . f 

of the ecliptic on both sides, but 

instead of making each sign of equal extent, they must be 

made each with such variable arcs as shall correspond with 

their periods of rising iiii tho pli^50 of observation (the twelve 

periods are to be thus marked on either side, which are to bo 

again each subdivided into two noB^s (or houi*s), throe duksh- 

KA^AS, into kj^vAns'as or mnths of 3* . . 20' each, twelfths 

of 2** . . 10' and into teins'aks'Xs or thirtieths. These are 

called the shapvabqa or six classes). These signs, however, 

must be inscribed in the inverse order of the signs, that is 

1st Aries, then Taurus to the west or right of Aries and so on. 

Then place this circle on the polar axis of the khagola at the 

centre of the Earth (the polar axis should be elevated to the 

height of the pole). 

Now find the Sun's longitude in signs, degrees, &c. for tho 

sun-rise of the given day (by calculation) and find the same 

degree in the circle. Mark there tho Sun's place, turn the 
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circle round the axis, so that tho shadow of the axis will fall on 
tho mark of the Sun's place at sun-rise and then fix the circle* 
Now as tho Sun rises^ the shadow of the axis will advance from 
the mark made for the pomt of sun-rise to the nadir and will 
indicate the hour from sun-rise^ and also the lagna (horos- 
cope) : the number of hours will be seen between the point 
of sun-rise and the shadow : and the lagna will be found on tho 
shadow itself. [While tho Sun goes from east to west tho 



}Cryo 




Tkaru^ 



shadow travels from west to east and hence the signs with 
their periods of rising must be reversed in order — the arc 
from W to Laona represents the hour arc : and the Lagna is 
at the word Lagna in the accompanying figure. — L. W.] 

7. Or, if this circle marked as above, be placed on any axis 
elevated to the altitude of the pole, then the distance from tho 
shadow of the axis to the lowest part of the circle wiU repre-^ 
sent the time to or from midday. 

8. A GHATi made of copper like the lower half of a water- 

pot, should have a large hole bored in 
Tho on*Ti or clop.,dr.. .^ ^^^^ ^^ ^^^ ^^^ .^ ^ ^^^ 

and falls to the bottom of the pail of water on whicli it is 
placed. Divide 60 qhatis of day and night by the quotient 
p 2 
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and it will give the measure of the clepsydra. (If it is filled 
60 times^ then the qhati ¥rill be of one ohatika ; if 24 times 
it will be of one hour or 2i ghattkxs.) 

9. For a gnomon take a cylindrical piece of ivory, and lot 

it bo turned on a lathe, taking caro 

that the circumforonco bo equal above 

and below. From its shadow may be ascertained the points 

of the compass, the place of observer, including latitude &c. 

and times (as has been elsewhere explained). 

10. The circle should be markod with 3G0** on its outer 

circumference, and should bo sus- 
The onAKBA or oirdo. -. -, , , . 

ponded by a string or cham moveable 

on the circumference. The horizon or Earth is supposed to 

be at the distance of three signs or 90® from the point at which 

it is suspended : the point opposite to that point being the 

zenith. 

11. Through its centre put a thin axis: and placing tho 
circle in a vertical plane, so as to catch the shadow of the Sun : 
the degrees passed over by the axis from the place deno- 
minated the Earth, will be altitude : 

12. And the arc to the point denominated the zenith, will 
be that of the zenith distance. 

Some former astronomers have given the following rule for 
making a rough calculation of the time, viz. multiply tho Iialf 
length of day by the obtained altitude and divide the product 
by the meridian altitude, the quotient will be the time sought. 

13. First let the circle be so held or fixed that any two 
To find the lonffitadat of ^f *^® following fixed stars appear to 

pknotib/tliecwSo. touch tho circumforonco, viz. Ma- 

GHA (a Leonis, Regnlus), Pushta (8 Cancri), IIevatI (£ Piscium) 
and S'ATATiRAxX (or X Aquaru). [These stars are on the 
ecliptic and having no latitude, are to be preferred.] Or, that 
any star (out of the ChitkA or a Virginis Spica &o.) having 
very inconsiderable latitude, and the planet whose longitude is 
required and which is at a considerable distance from the star, 
appear to touch the circumference. 
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14 and 15. Then look from tlio bottom of tho circle along 
its plane^ so that the planet appear opposite the axis ; and still 
holding it on the plane of the ecliptic, observe also any of tho 
above mentioned stars. The observed distance between the 
planet and the star, if added to the star's longitude, when the 
star is west, and subtracted when east of the planet, will give 
the planet's longitude. 

Tho half of a circle is called a ciiArA 
Somi-cirolo and quadrant. . , 

or semicircle. The half of a semi- 
circle is called tur(ya or a quadrant. 

16. As others have not ascertained happily the apparent 

time by observations of altitudes in 

PniLAKl-TAlfTBA. . i . i t i 

a vortical circle, I havo therefore 
laboured myself in devising an instrument called phalaka 
TANTRA, the uses of which I now proceed to explain perspi- 
cuously. It contains in itself the essence of all our calculations 
which are founded on the true principles of the Doctrine of 
the Sphere. 

17. T BnXsKARA now proceed to describe this excellent 

. ^ instrument, which is calculated to 

Addrosaet to the San. 

remove always the darkness of igno- 
rance, which is moreover tho delight of clever astronomers 
and is founded on the shadow of its axis : it is also eminently 
serviceable in ascertaining the time, and in illustrating truths 
of astronomy, and therefore valued by the professors of that 
science. It is distinguished by having a circle in its centre. 
I proceed to describe this instrument after invoking that 
bright God of day, the Sun, which is distinguished by the 
epithets I have above given to the instrument viz. he is 
eternal and removes obscurity and cold : he makes the lotus 
to flower and is ever shining : he easily points out the time 
of the day and season and year, and makes the planets and 
stars to shine. He is worthy of worship from the virtuous and 
resides in the centre of his orb.* 

* This Torse is another instance of the doable entendre, in which CTen the 
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18. . Let a clover astronomer make a phalaka or board of a 
plane rectangular and quadrilateral form, the height being 90 
digits, and the breadth 1 80 digits. Let him halve its breadth 
and at the point thus found, attach a moveable chain by which 
to hold it : from that point of suspension let liim draw a per- 
pendicular which is called the lamba-rekii^. 

19. Let him divide this perpendicular into 90 equal parts 
which will be also digits, and through them draw lines parallel 
to the top and bottom to the edges : these are called sines. 

20. At that point of the perpendicular intersected by the 
iSOth sine at the 30th digit, a small hole is to bo bored, and 
in it is to be placed a pin of any length which is to be con- 
sidered as the axis. 

21. Prom this hole as centre draw a circle (with a radius 
of 30 digits : the circle will then cut the 60th sine), CO digits 
forming the diameter. Now mark tho circumference of tliis 
circlo with 00 ohatis and 3G0 degrees, each degree being 
subdivided into 10 palas. 

22. Let a thin PAi^iKiC or index arm ¥nth a hole at one 
end be made of the length of 60 digits and let it be so marked. 
[The breadth of the end where the hole is bored should be of 
one digit whilst the breadth of the whole taj^ivlA be of half 
digit. Let the VAyfiKi be so suspended by tlie pin above 
mentioned, that one side may coincide with 
the lahba-bekhX. The accompanying figure 
will represent the form of the VArf^iKi. 



The rough ascensional difference in palas determined by the 
KHAKpAKAS or parts, being divided by 19, will here become the 
sine of the ascensional difference (adapted to this instru- 
ment.*) 

best authors oooationallj indulge. All the epithets given to the instrument 
applj in the original also to the Sun. This kind of duubio meaning of courso 
does not admit of translation.— L. W. 

* The sines of ascensional difforenoe for each sign of tho ecliptic wore found 
by tlie following proportions. 
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23. The numbers 4, 11, 17, 18, 13, 5 multiplied sdverally 
by the AKSHA-KABtfA and divided by 12, will be the khanpakas 
or portions at the given place ; each of these being for each 
15 degrees (of bhuja of the Sun's longitude) respectively. 

24. Now find the Sun's true longitude by applying the 
precession of the equinoxes to the Sun's place, and adding 
together as many portions as correspond to the uuuja of the 
Sun's longitude above found, divide by 60 and add the quo- 
tient to AKSHA-KARNA. Now multiply the result by 10 and 
divide by 4 (or multiply by 2i). The quotient is hero called 
the TASHfi in digits and the number of digits thus found is to 
be mai*ked off on the arm of the PATfiKi counting from its 
hole penetrated by the axis. 

25. Now hold the instrument so that the rays of the Sun 
shall illuminate both of its sides (to secure its being in a 
vertical circle) : the place i^ the circumference marked out by 
the shadow of the axis is assumed to be the Sun's place. 

26. Now place the index arm on the axis and putting it 
over the Sun's place, from the point at the end of the tasuti 
set off cai*efully above or below (parallel to the lamba-bekuX) 
on the instrument, the sine of the ascensional difference above 
found, setting it off above if the Sun be in the northern 



!• If cosine of lafcitaae s sine of lav. r ..^^ -k« o ^, « .:-«. \.:.a 

or as 12 t Palabha' C "«" ^'. ^?l ^o *"o ' P^®' 

"*^ ■■ i^AJi^iiA y J kujya' of 1, 2 or 8 sips. 

2. If cosine of declination : this result 1 1 what will radios i sine of asoen* 

sional din'oronco in kalXs. • 

The arc of this wiU give ssoensional dilFerenoe. This is the plain rule i hut 
Bha'skaba'oha'bta bad recourse to another short rule hy which the ascensional . 
difl'erences for 1, 2 and S signs, for the place in which the palabha' was 1 digit, 
were 10, 8, 8| palas. These three multiplied by palabha' would gire the 
ascensional diflerences with tolerable accuracy for a place of any latitude not 
having a greater palabha' than 8 digits. Now take these three palXtmakas 
10, 8, 8i and multiplied by six, then the palab of time wiU be reduced to asos. 
These are found with a radius of 8438 : to reduce them to the ralue of a radius of 
80 digits say, 

60X80 

As 8488 : 10 >C 6 = 60* I : 80 digits : = quantity of onABA for 1 

8438 
sign in this instrument, but instead of multiplying the 10 by 6 X 80 or 180 and 
diriding by 8488| the author taking 180 = i% part of 8438> difidoi at once 
by 19.-Ii. W. 
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hemisphero^ and below if it be in the southern hemisphere. 
The distance from the point where the sine which meeting the 
end of the sine of the ascensional difference thus sot off^ cuts 
the circle, to the lowest part of tho circle will represent the 
QHAfis to or after midday.* 



.i' .» 


r 


r 


\ 




# 



* In iho aooompanying diagram of tlie phalaka tahtba, o it the centre of 
the circle ah e and the line o % patting through q b oaUed M adhyajta' or 
middle tine. If the thadow of the pin touchet the ciroumferenoe in 8 when the 
inttrument it held in the Tortical circle patting through tho Sun, 8 h will tlien 
be the xenitli dittanoe of the Sun. From this the time to or after midda/ can bo 
found in tlie followinff manner. 
Let a zz altitude of the Sun, 
d = declination, 
A == atoentional difference, 
I = north latitude of the place, 
f = degreet in time to or after midday. 
Then, we have the equation which it common in the attronomical works, 
B*. sin a 7 A • *^ ' • "'^^ ^ 



OOSf = • 



cot 2 . cos (I 
B *. tin a tan ^ • tan <{ 



; 



; 



cot 2. cot i{ B 

here, when the latitude it north, the tecond term becomet minus or plus at the 
declination it north or touth retpectiTcly. 
tan I . tan d 
But ■ = tin A or tine of atoentional difference. 



B 



»J» — 



B' . tin a 
cot I. oosd 



T ^in* A. 
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27. Set off tho time from midday on the instrument 

To find the place of the counting from the lamba-rbkhX ; from 

ehodow of axis from time. ^j^^ ^^d of the sine of this time, set 

off the sine of ascensional difference in a line parallel to the 

Now, ooB 2 : B = 12 : A L e. akssaxab^a (See Cliapter YII. t. 45.) 
R h 



or = , 

COB I 12 

^ B . sin a 
.'. cos p = — — . ■ q: sin A 

12 eosd 

sin a & B' 

= y . — — q: sin A, when y = — . « , which is called 

B 12 oos<i 

TASHTi and can be found as follows. 

h B* B ;i 12B 

12 COB d 12 12 eo9d 



B * Z' 12Tersed<r\ 
= . (12 + I 

12 12 V cosd A 



When the BUVJk of the Sun's loifgitude is 16, 80, 45, 60, 75, 90, the Talue of 
12 Tcrsed d 

is 4> 16, 82, 60, 68, 68 sixtieths respoctifely. The differences of 

cos d , 

these Tnlues are 4, 11, 17, 18, 13, 5 which are written in the text. Multiply 
tho!»r (linoronccs by h or tho aksuakahna, dirido tho products bj 12 and tho 
quotients thus found aro called the kuan^as for the giren pUoe. By assuming 
tho BitujA of the Sun's longitude as an argument, find the result through the 
KiiAHOAS and take r for this result. 



Then = ( h + J 

60 12 ^ 60 /, 

B / r X 

and hence, y =r ^— I * + I 

12 V 60 /. 



But in this instrument B = 80 
10 x r X 

,\ y as -.. I ^ -|- — — I which exactly coincide with the rule giren in the 
4 V 60 / 

text for dotemiining the tabuti. 

The value of the tasiiti will certainly be more tlum 80, because the Talue of 
tho AKBUAKAB^A or h is more than 12. 

Now, (see the diagram) suppose m is the end of the TA8ir{i in the TkJXVLk or 
indox o m which touches the circle in 8, then, in tho triangle o mn 
B } oms= sin mofi t wn; 
or B : y = sin a : m » ; 

y X sin a 
.*. m }• = — — . 
B 
and hence, cos p cz «• n 4 sin A, 
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i^MBA-REKHif, but bolow ond above according as it was to bo 

set off above or below in finding the time from the shadow^ 

(this operation being the reverse of the former). The sine 

met by the sine of ascensional difference, thus set off, is the 

new sine across which the pattik^ or index is now to bo 

placed till the tashti-chinua or point of tashti falls on it. 

This position will assuredly exhibit the place of the shadow 

of the axis. 

28, 29 and 30. Having drawn a circle (as the horizon) with 

a radius equal to radius of a m'cat 

The YA8HTI or Stair. . , * , . / , 

Circle, mark oast and west pomta (and 

the line joining these points is called the prachtaparX or east 
and west line) and mark off (from them) the amplitude at the 
east and west. Draw a circle from the same centre with a 
radius equal to cosine of doclination i. o. with a radius of 
diurnal circle, and mark tliis circle with GO qhatis. Now take 
tho YASHTi, equal to the radius (of the groat circle) ami hold it 
with, its point to the Sun, so that no shadow be reflected from 
it ; the other point should rest in the centre. Now measure 
the distance from the end of the amplitude to the point of the 
TASHTI when thus held opposite to the Sun. This distance 
applied as a chord within the interior circle will cut off, if it bo 
before midday, an arc of the number of qiiatikXs from sun- 
rise, and if after midday an arc of tho time to sun-sot.^ 



thai it, the Bine of the ascensional difference is subtracted from or added to m » 
the distance between the end of the Tisnri and the middle sine, as the Sun bo 
in the north or the south to the equiiioctiaL 
Again, by taking m r equal to sin A we liaTC, 

oo§ p *ac m n ^ Bin k^^mn^mr^ 
^n rorii\ 

t=3C0S0#, 

A p z= ci—B. J),'] 
* [It is plain from this, that the distance from the point of the staff to the 
end of the amplitude is tlie chord of the arc of the diurnal circle passing through 
the Sun, intercepted between the horison and the Sun. For this reason, the 
arc subtended bj the distance in question in this interior circle described with 
a radius of the diurnal circle which is equal to the cosine of tho dccliuution, 
will denote the time after sun-rise or to sun^sct. — B. P.] 
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81. Tlio porpendicular let fall from the point of the yashti 
To find the PALiDHi with ^s the B ANKU or sine of altitude : the 
the TA8UTI. place between the s anku and centre is 

equivalent to d^ioya or sine of zenith distance. The sine of 
amplitude is the line between the point of horizon at which 
the Sun rises or sets, on which the point of the yashti will 
rest at sun-rise and sun-set, and the east and west lino the 

J»MCJ1YAI»AUA. 

32 and 33. The distance between the s'anku and the 
UDAYASTA-stJTRA, multiplied hj 12 and divided by the s'anku, 
will be the palabha. 

Take two altitudes of the Sun with the yashti : observe 
the s'amkus of the two times and the bhujas. 

Add the two bhdjas, if one be north and the other south, 
or subtract if they be both of the same denomination : multi- 
ply the above quantity (whether sum or difference) by 12 and 
divide by the difference of the two s'ankus, the result will be 
the PAiiABHi.* The difference between the east and west lino 
and tho root of s anku is called bhuja. 

* [Let O bo tho oast or west point of tho horixon O a, Z the setiith, a # S the 




diurnal circio on which 8 and # are the Sun*B two places at diOcront times and 
8 fjt ond Jt n tho s'lNKOS or tho sinoj of altitudes of the Sun, then O m, o n will be 
the DI10JA9, # m or s p the difforenoe between the BUUJAS and 8 1> the diflerenoe 
between the b'ihkus. 

Q 2 
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If the s'ANKU be observed three different times by the 
To find palabha', doclin- YASHTi, then the time, declination &c. 

SwrVatSi^^hoyJu?;: ">ay be found (by simply observing 

of three b'amkub. the Sun) . 

34. First of all find throe s'ankus : dmw a lino from the 
top of the first to the top of the last ; from the top of the second 
s'amku, draw a line to the eastern point and a line to the western 
point of the horizon, so as to touch the first line drawn. 

35. A line drawn so as to connect these two points in the 
horizontal circumforonco will be tho udayahta 8i5tka. T\\o 
distance between it and the centre will give the sine of ampli- 
tude. The line drawn through the centre parallel to the udy- 
ASTA-si^TRA at the distance of the sine of amplitude is the east 
ftnd west line.* 

36. Find the PALABHiC as before (and also t]io aksha- 
karna). Now the sine of amplitude multiplied by 12 apd 
divided by aksha-kakna will be the sine of doclination. This 
again multiplied by the radius and divided by tho sine of 24* 
or the sine of the Sun's greatest declination, will give the sine 
of the pHUJA of the Sun's longitude. 

37 and 38, Which converted into degrees is Sun's longi- 
tude, if the observation shall have boon mado in tho 1st 
quarter of the year. If in the second quarter, tho longitudo 
will be found by subtracting tho degroos found from G signs : if 

Now MB the triangles § q n and S <)( m are the htitudinal trianglej, the 
triangle 8 # j) ia alao the latitudinal 

.*. Bp I ip=: 12 : FALA^HA^ 

12#j> 

.?. Paiabha' = . 

Bp 

It ia when 8, # two plaoee of the 8un are both north or botlf south to tho 
prime vortical, but whofi one place ia north and other is south, the sum of the 
BUUJA8 is talfen. — B. D.l 

* [As it is plain that the tops of the three s'ANKini are in the plane of the 
diurnal circle, the line therefore drawn from the top of the first s-anku to that 
of the last, wUl also be in the same plane and hence tl^e two lines touching this 
line, drawn from the top of the middle b^anku one to esstern and the other to 
western point of the horiM>n, lie in this plane. Therefore, the line joining these 
two points of the horizon is the intersecting Ime of the plane of the diurnal 
cirolfi and that of tbe horisoD, aQd ponsequei^tljr it is the udat^'sta b^tb^. — 
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in tho 3rd quarter^ C signs must bo added : if in tho foui*tIi 
quarter of the year^ then the degrees found must be subtracted 
from 12 signs for the longitude. 

The quarters of the year will be known from the secksons^ 
the peculiarities of each of which I shall subsequently de- 
scribe. 

It is declared (by some former astronomers) that the shadow 
of tho gnomon revolves on the circle passing through tho 
ends of the three shadows made by the same gnomon (placed 
in tho contro of the horizon), but this is wrong, and conse- 
quently the east and west and north and south lines, the 
latitudes &c. found by the aid of the circle just mentioned are 
also wrong.* 

39. Whether the placo of tho Sun be found from tho 
shadow or from tho sine of tho amplitude, it will be found 
corrected for precession. If the amount of precession be 
subtracted, the Sun's true place will be found. If the true 
place of the Sun be subtracted, the amount of precession will 
bo ascertained. 

40. But what does a man of genius want with instruments 

-,. . - . , . about which numerous works have 
Tho proise of inBtrumonl 

called DnfTANTiu or genius treated 7 Let him only take a staff in 
his hand, and look at any object along 
it, casting his eye from its end to the top, there is nothing 
of which he will not then tell its altitude, dimensions, &c. 
if it bo visible, whether in the heavens, on the ground or 
in thp water on tho earth. 
Now I proceed to explain it. 

41. He who can know merely with the staff in his hand, 
the height and distance of a bamboo, of which he has obsei*ved 
tho root and top, knows tho use of that instrument of instru- 
ments — genius — (the DufYANTUA) and tell me what is there that 

* Tho existonce of such gro«B error in the principles of s calculation as aro 
here referred to as existing in the works of Bba'bkaba'b predecessors would 
seem to indicate that the science of astronomj was not of more recent cultt?»- 
t>on than Mr. Beutloy and others l|sro maiuUuned.— L. W. 
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lie cannot find out. [Here the ground is supposed to be 
perfectly level.] 

42. Direct the staff lengthways to the north polar star ; 

„ ^ , , let drop-lines fall from both ends of 

To find palabhX. ^ 

staff, when thus directed to the star. 

Now the space between the two drops is the Bhuja or base of 

a right angled triangle, when the difference between the lines 

thus dropped is the koji or perpendicular. 

43. The KOTi multiplied by 12 and divided by the bhuja 
gives tho i»Ai*Ann>if.* 

Having in Ijhe same way observed tho root of tho bamboo ; 
[and in so doing found the bhuja and koti]> multiply the bhuja 
by the height of the man's eye. 

44 and 45. And divide the product by the koti, the result 

To And tlio dist^Qoo and ^s, you know tho distauco to tho root 
height of n btmboo. ^f ^h^ bamboo. 

Having thus observed the top of tho bamboo (with tho 
staff, and ascertained the bhuja and koti)> multiply the dis- 
tance to the root of the bamboo by the kott, and divide the 
product by the bhuja, the result is the height of the bamboo 
above the observer's eye : this height added with the eye's 
height will give the height of the whole bamboo.f 

For instance, suppose the staff 145 digits long, the height 

of observer's oyo G8 digits; that in 
AXAinplo* 

making the lower observation tho 

BHUJA = 144 digits = 6 cubits, and koji = 17 digits ; that in 

making the observation of tho top of tho bamboo, tho bhuja = 




• i.e 



If this BHUJA : gtroB the KOri 
: 12 digiti of gnomon : giTOi tbe palabha'. 



t The obsorfer lint dureots abhia stalT to d, the root of the tree : Tho staff 
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116 digits and koti = 87 digits. Tlion toll me the height of 
bamboo and the distance of it. As, 

08 >C144 

= 576 digits or 24 cnbits distance to bamboo ; 

17 

576 >c 87 
and ■ = 432 height of tree above observer's eye. 



116 



08 add tho eye's height. 



500 height of tree. 

Let a man, standing up, first of all observe the top of an 
object : then (with a staff, whether it be equal to the former 
or not in Icngtli), lot him observe again the top of the same 
object whilst sitting. 

46. Then divide the two kotis by their respective bhujas : 
take the difference of these quotients, and by it divide the 
difference of the heights of observer's eye — this will give the 
distance to the bamboo : from this distance the height of the 
bamboo may be found as before.* 




IB furniBhed at eitlior end with drop lines ah,b k : b k^ah=:b cz=z sin of 
/. b ac. Then say 

Ab b e : a o : : b e : d e ^^fb. 

Ho then obserres ihi lop of object and finds ^ /, which is easy, as / 5 has 
been found. — L. W. 

* BnXsK ABA foui.ds this rale on the following algebraic process. 
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47. There is a high famous bamboo, the lower part of 

which beincf concealed by houses &c. 
Question. . . , , 

was invisible : the ground, however, 

was perfectly level : If you, my friend, remaining on this same 

spot by observing the top (first standing and then sitting), will 

tell me the distance and its height, I acknowledge you shall 

have the title of being the most skilful of observers and 

expert in the use of the best of instruments DHfyANTRA. 

The observer, first standing, observes the top of the bamboo 

and finds tho uiiuja, with the first Btuff, 
SxazDpld. 

to be 4 cubits or 96 digits : he then sits 

down and finds with another staff the bhuja to be 90 digits. 

In both cases the koti was one digit. Tell me, O you expert 

in observation, the distance of observer from the bamboo and 

the bamboo's height. 

48. So also the altitude may be observed in the surface 

of smooth water : but in this case tho 
ObserfAtion in water. , . , . i, , , . . i 

height of observers eye is to be sub- 
tracted to find the true height of the object : — Or the staff 
may be altogether dispensed with : In which last case two 
heights of the observer's eye (viz. when he stands and sits) will 
be two KOTis : and the two distances from the observer to tho 

Let » = l>a8e, distance to bamboo. Then saj 

if 96 : 1 : : « : — : then 1- 72 ^ height of bamboo. 

96 96 

a m 

By second obserration 90 1 1 : : « : — -- , then »— -f 24 = height of bam- 

90 90 

boo. 

a *w a a Q x 

Then 72 + = 24 + ; = 48, or = 48 

96 90 90 96 8640 

.*. w = 69,120 digits 
= 2880 cubits. 

m m 

That U = 72 — 24 

90 96 

72 — 24 
or d? = — — that is difference of obserrer's height — difference of two KOTlB 
^— A dirided bj their respeotire buuja's.— L. W. 
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places in tho wiiior tvkoro tko top of tlio object is reflected, 

the BUUJAS. 

49. Having seen only the top of a bamboo reflected in 

, water, whether the bamboo be near or 

at a distance, visible or invisible, if you, 

remaining on this same spotj will tell me the distance and 

height of bamboo, I will hold you, though appearing on Earth 

as a plain mortal, to have attributes of superhuman knowledge. 

An observer standing up first observes (with his stafi) the 

^ , reflected top of a bamboo in water; 

example. 

The KOTi = 3 digits and bhuja = 4 

digits. Then sitting down he makes a second observation and 

finds tho BUUJA = 11 digits and KOji = 8 digits. His eye's 

height standing = 3 cubits or 72 digits, aiid sitting =± 1 cubit 

or 24 digits. Tell me height of bamboo and its distance.^ 



• Let d/=/c = height of bamboo = * ft 
then ft d or ^ = height of bamboo and man's height together. 

Let ft r = breadth of water = x 
tlieu bjr first obserTation 
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A man standing up seoa the shadow of a bamboo in tlio 
'water — the point of the water at which 
""^'^^ the shadow appears is 96 digits off: 

then sitting down on the same spot he again observes the 
shadow and finds the distance in the water at which it appears 
to be 33 digits : tell me the height of the bamboo and his 
distance from the bamboo.* 



4y 

4:3::x:yor8x = 4yorx = 

3 

bj 2nd obsenraiion 11 < 8 : : :r : 5^ — 48 digiU 

11 y — 628 

or 8 a? = 11 y — 528 or a? = 

8 

4y 11 y — 628 

thus a? = tnd * = ■ — 

8 8 

4y 11 y— 628 33 y— 1584 

.'. = — or 4 y = 

8 8 8 



or 32 y = 38 y — 1684, or y = 1684 

78 = 1512 digits = ^' 

To find width of 

4y 1584 >C 4 



1684 — 72 = 1512 digits = 63 cubits = height of bamboo. 
2iid part. To find width of water or x 



8 



8 



= 212 digiU = 88 cubiU.— L. W. 



• Let o = 96 digits 
c(2 = 88 
ac = 72 
&o = 24 
let X = distance from obser?er to 
bamboo. 
Now ee : ae =zj hija 

12 X Sx 

or 96 : 72 = or t y = = 

96 4 

8« 

Tlion 8 = height of bamboo 

4 
Again cd:b e i :j h :J h 

24x 

or 88 : 24 : : a; I y — 48 = 

88 
Sx 

"" 11 
Sx 

then 1 = lieight of bamboo 

11 
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50 and 51. Mako a wheel of light wood and in its circum- 
ference put hollow spokes all having 
A felfrovolvinir mstni- . 

mcnt or bwayamvaha tin- boros of the same diameter, and let 
them be placed at equal distances 
from each other ; and let them also be all placed at an angle 
somewhat verging from the perpendicular : then half fill these 
hollow spokes with mercury : the wheel thus filled will, when 
phiccd ou an axis supported by two posts, revolve of itself. 

Or scoop out a canal in the tire of the wheel and then 
plastering leaves of the tXla tree over this caned with wax, 
fill one half of this canal with water and other half with mer- 
cury, till the water begins to come out, and then cork up the 
orifice left open for filliug the wheel. The wheel will then 
revolve of itself, drawn round by the water. 

Make up a tube of copper or other metal, and bend it into 
_ . . , , the form of an ankus'a or elephant 

hook, nil it with water and stop up 
both ends. 

51. And then putting one end into a reservoir of water, 
let the other end remain suspended outside. Now uncork 
both ends. The water of the reservoir will be wholly sucked 
up and fall outside. 

55. Now attach to the rim of the before described self- 
revolving wheel a number of water-pots, and place the wheel 
and these pots like the water-wheel so that the water from 
the lower end of the tube flowing into them on one side shall 
sot the wheel in motion, impelled by the additional weight of 
the pots thus filled. The water discharged from the pots as 
they reach the bottom of the revolving wheel, should be drawn 





8ff 
11 


8« 


or 2 = 


8dP 

4 


11 


X 




.'. xz 


= 44 % 2 = 88 










Tlieii3f = 


Zx 
4 


3)(88 

= 8xM 

4 


= 66, 


lioighi of bamboo. 








u a 
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off into the reservoir before alluded to by means of a water- 
course or pipe. 

56. The self-revolving machine (mentioned by Lalla <fec.) 
which has a tube with its lower end open is a vulgar machino 
on account of its being dependant^ because that which mani- 
fests an ingenious and not a rustic contrivance is said to bo a 
machine. 

57. And moreover many self-revolving machines are to be 
met with, but their motion is procured by a trick. They are 
not connected with the subject under discussion. I have been 
induced to mention the construction of these, merely becauso 
ihey have been mentioned by former astroi^omers. 

End of Chapter %I. called YANTRifpHYiCYA. 



CHAPTER XIL 
Veacrlpyion of the season^. 

1. (This is the season in which) the kokilas (Indian black 

birds) amidst young climbing plants, 
thickly covered with gently swaying 
and brilliantly verdant sprouts of the mango (branches) rais- 
ing their sweet but shrill voices say, *'0h travellers! how 
are you heart-whole (without your sweethearts, whilst all 
nature appears revelling) iu the jubilee of spring chaitra, and 
the black bees wander intoxioated by the delicious fragrance 
pf the blooming flowers of the sweet jasmine I" 

2. The spring-bom mallikX (Jasminum Zambac, swollen 
by the pride she feels in her own full blown beautiful flowers) 
derides (with disdain her poor) unadorned (sister) mIlati 
(Jasminum grandiflorum) which appears all black soiled and 
without leaf or flower ((it this season), and appears to beckon 
her forlorn sister to leave the grove and garden with her 
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tender budding arms^ agitated by the sweet breezes from the 
fragrant groves of the hill of Maulta. 

3. In the summer (which follows), the lovers of pleasure 
TheaR£9HHAormid-8am. &nd their sweethearts quitting their 

mer i^qapoo. ^^^^^ ]^^i^ houses, betake themselves 

to the solitude of well wetted cottages of the KVQAKi&A grass, 
salute each other with showers of rose-water and amuse them- 
selves. 

4. Now fatigued by their dalliance with the fair, they 
proceed to the grove, where Kama-dbva has erected the 
(flowering) mango as his standard, to rest (themselves) from 
tho glare of the fierce heat, and to disport themselves in the 
(well shaded) waters of its bowbis (or largo wells with steps). 

5. (The rainy season has arrived, when the deserted fair 

one thus calls upon her absent lover :) 
Hainy season. 

"Why, my cruel dear one, why do you 

not shed the light of your beaming eye upon your love-sick 

admirer? The fragrance of the blooming ifXLATf and the 

tuvbid state of every passing torrent proclaims the season of 

tho nuns and of all-powerful love to have arrived. Why, 

therefore, do you not liavo compassion on my miserable lot ?* 

C. (Alas, cries the deserted wife, alas 1} the peacocks 
(delighted by the thundering clouds) scream aloud, and the 
breeze laden with the honied fragrance of the kadamba comes 
softly, still my sweet one comes not. Has he lost all delight 
for the sweet scented grove, has he lost his ears, has he no 
pity — ^has he no heart ? 

7. Such are the plaintive accusations of the wife in the 
season of the rains, when the jet black clouds overspread the 
sky : — angered by the prolonged absence of him who reigns 
over her heart, she charges him, but still smilingly and 
sweetly, with being cruelly heedless of her devoted love. 

* This is one of those verses in which a double or triple meaning is attempted 
to be sMpported : to cfTect tliis. several letters however are to be read dilTereutlv. 
-L. W. 
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8. The mountain burning with remorse at the guilt of 
The siRATKA'LA or leaion having received the forbidden era- 

of early autumn. braces of his own pusHPAVATf daughter, 

forest appears in early autumn through its bubbling springs 
and streams sparkling at night with the rays of the Moon, to 
be shedding a flood of mournful tears of penitence. 

9. In the hkmanta season, cultivators seeing the earth 

^ smiling; with the wide spread harvest, 

Hkmanta or earl J winter. , ° ^ ,_ „, , , , .^, 

and the grassy fields all beclockod witli 

the pcarl-liko dew, and tooming with joyous herds of phuiip 

kine, rejoice (at the grateful sight). 

10. When the s^is'iba season sets in what unspeakable 
S'lB^iHi or doid of win- beauty and what sweet and endless 

^^' variety of red and purple does not 

tho ' kaciimXu' grove uncoasingly present, when its leaf is iu 
full bloom, and its bright glories are all expanded. 

11. The rays of tho Sun fall midday on the earth, hcnco 
in this s'ls'iBA season, they avail not utterly to drive away the 
cold: 

12. Here, under the pretence of writing a descriptive 

account of the six seasons, I have 
SweetB of poetry. « . , , . 

taken the opportunity ot indulging 

my vein for poetry, endeavouring to write something calculated 

to please the fancy of men of literary taste. 

13. Where is the man, whose heart is not captivated by 
tho ever sweet notes of accomplished poets, whilst they dis- 
course on every subject with refinement and taste? or whoso 
heart is not enchanted by the blooming budding beauties of 
the handsome willing fair one, whilst she prattles sweetly on 
every passing topic : — or whose substance will she not secure 
by her deceptive discourse ? 

14. What man has not lost his heart by listening to tho 
puro, connect, nightingale-liko notes of tho genuine poets ? or 
who, whilst he listens to the soil notes of the water-swans on 
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tlio shores of large and overflowing lakes well filled with lotus 
flowers, is not thereby excited ? 

15. As holy pilgrims delight themselves, in the midst of 
the streams of the sacred Ganges, in applying the mud and the 
sparkling sands of its banks, and thus experience more than 
heaven's joys : so true poets lost in the flow of a fine poetic 
frenzy, sport themselves in well rounded periods abounding in 
disjilays of u playful tavsto. 

End of Chapter XII. 



CHAPTER XIII, 

Containing useful questions called PRAS^NlDHTiCYA. 

1 . Inasmuch as a mathematician generally fails to acquire 
Object of the Cliaptor aiid distinction in an assemblage of learned 

its pnusc. ^gn^ unless well practised in answer- 

ing questions, I shall therefore propose a few for the enter- 
tainment of men of ingenuity, who delight in solving all 
descriptions of problems. At the bare proposition of the 
questions, he, who fancies in his idle conceit, that he has 
attained the pinnacle of perfection, is often utterly discon- 
certed and a])pa)lod, and finds his smiling cheeks deserted of 
their colour. 

2. These questions have been already put and have been 
duly answered and explained either by arithmetical or algebraic 
processes, by the pulverizer and the afiected square, i. e. 
methods for the solutions of indeterminate problems of the 
first and of the second degree, or by means of the armillary 
sphere, or other astronomical instruments. To impress and 
make them still more familiar and easy I shall have to repeat a 
few. 
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3. All arithmetic is nothing but tho rule of proportion : 
Praiie of ingeniout per- a»d Algebra is but another name for 

•**"•• ingenuity of invention. To the clever 

and ingenious then what is not known I I, however^ write for 
men and youths of slow comprehension. 

4. With the exception of the involution and evolution of 
the square and cube roots, all branches of calculation may be 
wholly resolved into the rule of proportioii. It indeed assumes 
many shapes, but it is universally prevalent. All this arith- 
metical calculation denominated Viyi qanita, which has boon 
composed in many ways by the wisest of former mathema-^ 
ticians, ia only for the enlightenment of simple men like 
myself. 

5. Algebra does not consist in the letters (assumed to 
represent the unknown quantities) : neither are the different 
processes any part of its essential properties. But Alpfobra ia 
wholly and simply a talent and facility of invention, bocauso 
the faculties of inventive genius are infinite. 

6. Why, O astronomer, in finding the AitABOANA, do you 

add SAUBA months to the lunar months 
CHAiTBA &c. (which may have elapsed 
from the commencement of the current year) : and tell me 
also why the (fractional) remainders of AnniMASAS and avamas 
are rejected : for you know that to give a true result in using 
the rule of proportion, the remainders should be taken into 
account. 

7. If you have a perfect acquaintance with the^ mis^ra or 

allegation calculations, then answer 
Question 2nd. - . 

this question. Let the place of the 

Moon be multiplied by one, that of the Sun by 12 and that of 

Mars by 6, let the sum of these three products be subtracted 

from three times the Jupiter's place, then I ask what are tho 

revolutions of tho planet whoso placo when added to or 

subtracted from tho remainder will give tlie place of Saturn ? 
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8 and 9. In oi*dor to work this propositiou in tlio first 
place proceed with the whole numbers 
of revolutions of tho several planets 
in the kalpa^ adding^ subtracting and multiplying them in thd 
manner mentioned in the question : then subtract the result 
from the revolutions of the planet given: or subtract the 
revolutions of the given planet from the result> according as the 
place of the unknown planet happen to be directed to be added 
or subtracted in the question. This remainder will represent 
the number of revolutions of the unknown planet in the kalpa. 
If the remainder is larger than the number from which it is 
to be subtracted^ then add the number of terrestrial days in a 
KALPA^ or if tho remainder exceed tho number of terrestrial 
days in the kalpa^ then reduce it into the remainder by dividing 
it by the number of days in the kalpa.* 

* Bni'sKAiiA'onA'RTA bimself has giren the followuig example in his com* 
mentary ta'sava'-bha'biita 

Suppose Moon to haye 4 reTolutiona in a kA£PA of 60 daya 

Sun, 8 

Mnre, ..•••• 5««.«...**«. • .• 

Jupiter, •••• 7 • .•••..•••••••• 

Saturn, ..•• 9 

Then 4 )f 1 + 8 X 12 + & ^ 6 =: 70 and 7 X 8 rr 21. 
As 70 cannot be subtracted from 21 add 60 to it = 81, 

Subtract 70, 

remainder 11 : 

let j» = rcTolutions of the unknown planet, then by the question 11 — p ^ 9 
orll — 9 = 2=;>, 
but 11 + jp = 9 or p = 9 — 11 = 60 + 9 — 11 = 68 : 
It thus appears tlmt tho unknown planet has 2 or 58 rerolutions in the 

KALPA. 

Now let us see if this holds true on the 28rd day of this ka£PA s 
revolutions signs « 

for Moon, if 60 : 4 : : 28 : 6 .. 12o this X 13=6.. 12% 
dun, 60 : 8 : : 28 : 1 .. 24 this X 12 = 9 .. 18, 
Mars, 60:5:s2d:ll.. 0this>c6 = 6.0 

signs 10 •• subtracted 
Saturn, 60 : 9 : : 23 : 5 ..12 

Jupiter, 60 t 7 : : 23 : 8 •• 6 this >C 8= .• 18 from 
for;^, 60 ! 2 : : 23 : 9 •• 6 this sub. from 2 •• 18 remainder 

9.. 6 
corresponding with Sutuni, 6 . . 12 
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10. The algebraical learned, who knowing the sum of the 

additive months, subtractive days 
Question 3rd. 

elapsed and their remainders, shall 

tell the number of days elapsed from the commencement of 

the KALPA, deserves to triumph over the student who is puffed 

up with a conceit of his knowledge of the exact pulverizer 

called sam'slishta united, as the lion triumphs over the poor 

trembling deer he tears to pieces in play. 

11. For the solution of this question, you must multiply 

the given number of additive months, 
subtractive days and their remainder, 
by 863374491684 and divide by one less than the number of 
lunar days in a kalpa i. e. by 1602998999999, the remainder 
vrill be the number of lunar days elapsed from the beginning 
of the KALPA. From these lunar days the terrestrial days may 
be readily found.* 

9 • 

oriL 60:68 x: 23:2:24. Then 2 .. 24 added 

to2 .. 18 



■til] giree Saturn's plaoe 5 .. 12 

When p = 9 — 11, then as 11 cannot be subtracted from 9 the sum of 60 
is added to the 9. The reason for adding 60 is that this number is always be 
denominator of the fractional remainder in finding tlie plaoe of the planets ; 
for the proposition. 

If days of kalpa : roTolutions : : given days give : here the days of kalfa 
are assumed to bo 60 honoe GO is added.— L. W. 

* [When the additi? e months and subtraotifo days and their remainders aro 
gif en to find the ahabqa^a. 
Let / = 1602999000000 the number of lunar days in a kalpa. 
e =: 169800000 the number of additive months in a kalfa. 
d =: 26082660000 the number of subtractive days in a kalpa. 
A = additive months elapsed. 
A' = their remainder. 
II =: subtractive days elapsed. 
B' = their remainder. > 

a= the given sum of the ebpsed additive montlis, subtractive days and 
their remainders, 
and » = lunar days elapsed ; 

A 

tlien say As I :»::»: A + — j 

I 

B' 
As f : <l : : « : B + j 

/ 
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12. Givoii tlio sum of iho olapsod additivo months^ sub- 
tractive days and their remainders^ 

KxoinpiO. 

equal (according to BiiAiiMAOurrA^s 
system) to 648426000171 ; to find the ahaeoana. He who 
shall answer my question shall be dubbed a '^ bbahma-sid- 
DH^NTA-yiT^' i. e. shall be held to have a thorough knowledge 

of tho BRAIIMA-SIDDniNTA.* 



A' + B' A' + B' 

.'. As / : « + d : : X : A + B + ' or v -f ■ 

I I 

.'. (u + d) a? = iy + A' + B', or (« + <0 « — Zy = A' + B', 

•nd y = A + B; 

.-. byaddition, (« + <0 « — (i— l)y = A + B + A'+ B', 

= a; 
by substituiioD, 2GG75850000 a: — 1602998999999 y = a : 
now let, 26675850000 x' — 1602998999999 y' =: 1, 

then we shall have by the process of indeterminate problems 
0^ = 863374491684. 
Again, let m = •(' <^ >^d » = 2 — 1, 
tlwn m« — »y=ai(l) 

and m »' — » y^ = 1 ; 

and mni — mnt =iO t 

,\ m {ax^ — ni) — ^^Coy^ — m£) z=zai 

which is similar to (1) ; 
/, a? r= a a?* — * » < 

= 863374491684 « — (/ — 1) <. 

Hence the rule in the text. — B. P.] 

• Solution. Tho giTon sum = 648426000171 and t he lunar days in a XALPA 
= 1602999000000 t 

648426000171 9C 863874491684 

A — =849241982386 

1602998999999 and 10800 remainder : 

.'. 10300 these are Innar days elapsed. 

To reduce them to their equivalent in terrestrial days says 

}161 subtraotiTO 
, days and romajn- 
" der amounting 
267426000000. 
.*. From 10300 Lunar days 
subtract 161 Subtractive days 

remainder 10189 Terrestrial days or liiABOAtiA. 

19ow to find additif months elapsed. 
If lunar days 1 . additive months 1 . , lunar days 1 10 additive months and 
inaKALPA J • ofKALFA J ' * 10300 J remn. 881000000000. 

10 additive months = 300 lunar days. 

.-. 10300 — 800 = 100,00 SAiTBA days elapsed. 

Hence 27 years 9 montlis and 10 days elapsed from the commencement of 
XALFA.— L. W. 
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13 and H, Given the sum of the remainders of the revo- 
lutions, of the signs, degrees, minutes 
and seconds of the Moon, Sun, Mars, 
Jupiter, the s'iqhbochchas of Mercury and Yenus and of 
Saturn according to the DHfvRiDDHiDA, including the remainder 
of subtractive days in finding the ahargana, abraded (reduced 
into remainder by division) by the number of terrestrial days 
(in a tuga). He who, well-skilled in the management of 
8PHUTA KUTTAKA (exact pulverizer), shall tell me the places of 
the planets and the ahargana from the abraded sum just 
mentioned, shall be held to be like the lion which longs to 
make its seat on the heads of those elephant astronomers, who 
are filled with pride by their own superior skill in breaking 
down and unravelling the thick mazes and wildernesses which 
occur in mathematical calculations. 

15. If the given sum abraded by the number of terrestrial 
days in a yuga, on being divided by 4, 
leaves a remainder, then the question 
is not to be solved. It is then called a khila or an ^' impos- 
sible" question. If, on dividing by 4, no remainder remain, 
then multiply the quotient by 293627203, and divide the 
product by 394479375. The number remaining will give tho 
AHARGANA. If the day of the week does not correspond with 
that of tho question, then add this ahargana to tho divisor 
(394479375) until the desired day of the week be found.'*' 

* [Aooording to the DHfTBlDDHiBi TiiiTitA of lalla the terrestrial dajs in 
a YUOA = 1677917500 and the lum of all the 8G remainders for one day ^ 
118407188600908 : this abraded by the terrestrial days in a tuoa =r 259400968. 

Let » == AHABOAtf ▲ then say 

As 1 I 259400968 : : « : 259400968 >C 9 

This abraded by 1577917500 the terrestrial days in a YUOA will be equal to 
1491227500 the given abraded sum of the 86 remainders, now 

let y =: the quotient got in abrading 259400968 x by 1577917500^ then 
259400968 9 — 1577917500 y = 1491227500. 

It is evident from this that as the ooeffidents of 9 and y are divisible by 4^ the 
given remainder 1491227500 also must be divisible by 4, otherwise the question 
will be impossible as stated in the text. 

Hdnoe, dividing the both sides of the above question by 4, 

64850242 9 — 894479875 y == 872806875 : (A) 

And let 64850342 «' — 894479875 /^ 1, (B) 
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16. Tell mo, my friond, what is tlio ahabqana when on a 
^^^ J Thursday, Monday or Tuesday, the 

35 remainders of the revolutions, 
signs, degrees, minutes and seconds of the places of the 
planets, (the Sun, the Moon, Mars, Jupiter and Saturn and 
the s'f GHROCHCHAS of MorcuTy and Venus) together with the 
remainder of the subtractive days according to the dh£vbid- 
DiiiDA, giyo, when abraded by tho number of terrestrial days 
in a YUGA, a remainder of 1491227500.* 

17. The place of the Moon is of such an amount^ 
Question 6th. that 

Tli^minute^ + 10 = the seconds 

tho minutes — seconds -{- 3 = degrees 

the deirrees 

g2 = Bigns. 

/. s^ = 293627203 bj the processes of indeterminate problems. 
Koir let a == 64850242, 6 = 894479376, and c = 872806876 ; 
.*. we hare (he equations (A) and (B) in the forms 
am — 6 jf = e ! 
and a a/ — ft y* =: 1, 

« =: «' — hi (see the proooding note) 
= 293627203 e — 894479376 1 1 
as stoted in the text.— B. D.] 

* Solution. Tho given snm of the 36 remainders in a Tuai =r 1491227500 
according to the PHfyjimDHiDi taktba. 

.-. 1491227500-7-4 = 872806876: 
872808876 x 293627203 

and .'. = 277496471 and remainder 10000 L e. 

894479376 

AHABGACrA. 

10000 

.•. = 1428 — 4 remainder, i. c. 10000= AUABQAtrA on a Tnosdaj, for 

7 
the YVOk commenced on Fridaj. 
This would be the ahabqa^a on a Tuesday. 

To find the ahaboa^a on Monday, it would be necessary to add the reduced 
ierrostrial days in a tuqa to this 10000, tiU the remainder when diTided by 
7 was 8. 

10000 + 804470876 >C 2 788968760 

= = 112900821 — 8 remainders 

7 
Monday : 

10000 + 394479376 X 3 

and ■ = = 169064017 — 6 remainder or =; 

7 
Tliorsday.— L. W. 
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And the signs, degrees, minutes and seconds together 
equal to 130. On the supposition that the sum of 'these four 
quantities is of this amount on a Monday then tell me, if you 
are expert in rules of Arithmetic and Algebra, when it will bo 
of the same amount on a Friday.^ 

18. Reduce the signs, degrees and minutes to seconds, 
adding the seconds, then reducing tho 
terrestrial days and the planet's re- 
volutions in a KALPA to their lowest terms, multiply the seconds 
of tho planet (such as the Moon) by tlio terrestrial days 
(reduced) and divide by tho number of seconds in 12 signs : 
then omitting the remainder, take the quotient and add 1 to it, 
the sum will be the remainder of the bhaqanas revolutions.f 





* Let X =: minutes 




9 + 20 

then = aeoondfl 

2 


9 


ar-l-20 
+ S = degree! . 




= 130 



• = 89 aeoonds. 
2 

68 — 39 -t- 8 = 22 degrees. 

22 

— = 11 signs. 
2 

Uenee the Moon's place = lU. . . 22o . . 68' . . 89". 
t The mean pUoe of the Moon = lU .. 22o .. 68' ..89'' = 1270719^ 
The number of seconds in 12 signs = 1296000. 

TerrestrUl days in a kalva = 167791&i60000 1 These dirided bj f 95G313 

V 1G50000 become dbi- < 
BcTolutions of Moon =57768300000 J diia or reduced. 185002. 
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19. Tho romainder before omitted subtracted from the 
divisor will give the remainder of seconds : if that remainder 
of tho seconds is greater than the terrestrial days in a kalpa, 
then the question is an ^^ impossible one'* (incapable of 
solution and the planet's place cannot be found at any 8un« 
rise) : but if less it may be solved. Then from the remainder 
of the seconds tho AnABOANA may bo found (by the kuhaka 
pulvonViOr na given in tho LfLAvXiI and BfjA-GANiTA) Or, 

20. That number is the number of ahaegana by which the 
reduced number of revolutions multiplied, diminished by the 
remainder of the revolutions and divided by the reduced 
number of terrestrial days in the kalpa, will bear no remainder. 
The roducod number of terrestrial days in a kalpa should be 
added to the auaboana such a number of times as may make 
the day of the week correspond with the day required by 
the question. 

Now when the mean place of t]ie Moon wmi sought, the rul6 was 

Ai the Terrestrial 1 , Beyolutions in a 1 , Gi? en days or 1 , Rerolationa 
days in a kalfa. J ' kalfi. j * * ahabqij^a. J ' « o »• 

ir any rciiinindor oxistod, it, wlicn inuUipliod by the nnmber of seconds in 
12 signs and divided by kalfa, terrestrial days gave the Moon's mean place in 
seconds. We now wish to 0nd tho BnAaAtri-s'isnA or the remainder of revo- 
hit ions, from tho Moon's given place in seconds t we must therefore rererse tho 
operation 

Moon's place in seconds % kilfa terrestrial days 

or — — — ■■■ ' = BHA0A{rA-e'B8HA. 

seconds in 12 signs 

The terrestrial days, however, to be used, must to be reduced to the lowest 
terms to which it, in conjunction with the KALPA-BHAaAif A8 or revolutions in a 
KALFA can bo reduced : the lowest terms as above stated were of tho terrestrial 
days = 050313, of the Moon's XALFA-miAOAihf as = 35002. 

1270710 >CG5C313 1215205090047 



= 987658 quotient — remaindei 



129G00O 1296000 

331047. 

987658 quotient 
1 adding one 

gives 937659 for the bhaqava-b'ssha. 

Tho reason for adding one is, that wo have got a remainder of 881047, which 
wo never could have had, if the original remainder had been exactly 987658, it 
must have been 1 more. This is therefore added : but the remainder of seconds 
mav now be found— for it will be 12963000 — 881047 = 96-1953. 

This romainder 96'i95d being greater than the terrestrial days reduced to 
lowest tonus, viz. 956313, tho question does not admit of being solvod.— L. W. . 
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21. If the Moon's biiagana-s'esha or the romaindor ailor 
finding the complete revolutions admits of being divided by 
1650000^ without leaving any remainder^ the question may then 
be solved : the reduced bhagana-s'esha on being multiplied by 
886834 and divided by 951363, then the remainder will give the 
AHABOANA. The divisor should be added to this remainder 
till the day of the week found corresponds with that of the 
question.* 

22. The mean place of the Moon will never be at any 

sun-rise, equal to signs, 5 degrees. 
Impossible question. f»/»..ii/x-i 

36 minutes and 19 seconds. 

23. When will the square of the ADHiMisA-s'ssHA remainder 

^ , , of the additive months, multiplied by 

QaestionSth. ^ r j 

10 and the product increased by one, 

be a square : or when will the square of the ADHUfisA-s esha 

decreased by one and the remainder divided by 10 be a square ? 

Tlio man who shall toll mo at what period of tho kali'A this 



• PTo find the ahaboiva from the Moon's BnAOA^A-s'ssnA. 

Iiet B = BHAaAHA-B'BBHA, 

T = 1577916450000 terreetrial dajs in » kalpa, 
H = 57758800000 the Moon's revolutions in a ealpa, 

« = AHABaAVA. 

B B 

Then, as T : M : : 9t rerolutions -)- — or y -f — : 

T T 

M« — Ty = B: 

In this equation as M and T are divisible by 1650000, B must be divisible bj 
the same number, otherwise the question will be khila or *< impossible," as 
stated in the text. 

.*. Dividing both sides of the equation bj the number 1650000, we have 
85002 Of — 956318 y = B' or M' « — OT y = B' : 

Now let MV — ary=:l : or 85002 ^ — 956313 y' = 1 : hence we havo 
or' = 886884: 
and 07 = B' df — T i (see the note on the verse 11th) 

= 886884 B' — 956818 i. Henoe the rule in the text. 

And, as the reduced bhaoavab'esha =987659 (see the preceding note) henoe 
937659 X 886884 = 831547881606 : 

This divided hj 956318 will give as quotient 869555 (i. e. Q leaving a re- 
mainder of 257151 which should be the ahaboana, but as the bhaqanab'xbha 
i. e, 987659 does not admit of being divided by 1650000 (the numbers bj which 
tho terrestrial days were reduced) it ought to have boon kuila or iiisolublu 
question: but BnisKAlliOBittYA here still stated tliis number to bo the true 

AHABOAKA^^B. P.] 
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will tjiko placo — will bo humbly saluted even by the wise, who 
generally speakings gaze about in utter amazement and confu- 
sion at such questions^ liko the bee that wanders in the bound- 
less expanse of heaven without place of rest. 

24. (In working questions of kuttaka pulverizer, the aug- 
Romark on the preceding ment must be reduced by the same 
question. number by which the bhajta dividend 

and iiARA divisor aro reduced to their lowest terms, and when 
the augment is not reducible by the same number as the 
buXjya and iiara, the question is always insoluble.) But here, 
in working questions of kujtaka, those acquainted with the 
subject should know that the given augment is not to bo 
reduced, i. e. it belongs to the reduced buXjta and uara, 
otherwise in some places the desired answer will not be 
obtained, or in others the question will be impossible.* 

* [The qiiestione in the 28rd Terse Are the questions or the tiboa-pbakriti or 
the alTected nquarc, i. e. questions of incleterminate problems of the second degree. 

Ist question. Lot a = the ADUiuXsA-s'jBSnA : 
then by question 10 ar* + 1 = yf. 

In such qnosliiHis tho cocflluiont of x is rnlled pbakriti, the raluo ot 9 KA* 
VJ8UT1U, (hilt or (he Auguiout K81IKPA and that ofy jyMUTiiA. 
How assume y = m a? + 1, 

then 10 a:* + 1 = (« « + ^)\ 

= fM» *« + 2 m « + 1, 
2m 



10 — m« 
Hence the rule given bj BnXsKABXoHARTA in his Algebra Oh. VI., verse VI., 
for finding the kanisrtoa where tho KsasPA is 1, is ** Multiply any assumed 
number by 2 and divide by the difference between the square of the number 
and tho puakuiti, tho quotient will be the KAKisnTiiA whore tho ksusfa is 1.*' 

2m 2X3 

Now assume m = 3, thon x = = = 6 : 

10 — m« 10 — 9 

and .-. y = ^10 «» + 1 = \/m. = ^® ' 
.'. aduimAia-s'bsua = 6. 
From two sets, whether identical or otherwise, of kakisutita, mmnfUA and 
KBiiBPA belonging to the same PBAKi^in, all others can be derived suvh as 
follows. 

Lot <» = PRAiciaTi, and 



wo have 



*i »^» » * J« j tho two sots of KANisnruA, jrKSUTUA and ksubpa, thou 
<»*? + *»=//;; 



aa-J + 6,=.(rJ; 
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242 Tnwslation of the [XIII. 25. 

25. Tell mo, you competent in tlio spheric, considering 

it frequently in your mind for awhile, 

^"''**''"- what is the latitude of the city (A) 

which is situated at a distance of 90<> from UJJAYiNf, and bears 

and .-. 6, X ft« = (y? - a ar?) (yj - a *?), 

= y? y» - a *? yi - a arS y? 4- a «; arj , 
.-. a X? yj + a *S y? -I- b, fc. = y? yS + a« x? xj : 
■ddiiiK ±* a ap, i»« ^i ^a to both siilet 

or a (x, y. 1: »« yj * + 6» 6. = (y, yg ± a », «.) « i 

thus we get a new set of yavutha, jybsutha and kbuspa : 
i. o. new kanisutua = *» y^ ± »« y i ; 
now jrBsiiTHA = yi y^ ± « *i *» » 
and new KSHKFA z=:b^ b^i 
HiMice the Rule called buayamA given by BHAsKABicHABTA in his Algebra 
Ch VI. vorsea III. & IV. 
Now in the present question 

«j = 6, y , = 19 and ft, = 1 , 
and also », = 6, y, = 19 and b^=zl t 

/. now KANIBnrnA = x 721 + 228 X 19 = 432fi + 4332 = 8058 , 

now jyMiiTilA = 721 X 19 + 10 X X 228 = l»<i99 4- iyt>«<> = 17379 ; 
and new kbukpa = I >C 1 = 1. 

Thus X = 8058 &o., according to iho Bliavan4 assuinoil. 
Tho second question is 

«r«-l 

= y\ 

10 
or flr« = 10y«4.1. 

Here then we hare an equation siniihir to the former one, but x* is now be 
in the pluoe of y' and y' in the place of dp*. 
» will be = 19 , 
or = 721 Ac. 

Now giten ADUiMASABBsnA as found by the first case ^ 6. The proportion 
by which this remainder was got, waa 

if KALPA BAUUA duys : KALPA-ADUIUA8A8 : : « OF elapsed 8AURA days 

G 

:y+ -— . 

KALPA BAUUA days 

.*. KALPA-ADHIICABAB X dT = KALPA BAURA days X y -f 6 
KAtPA-AJ>BIMA8A8 % X — 6 

or y = . 

KALPA BAUUA days 

From this we got a now question : ** What are tho integer yaluos of » and 
y in thid equation F" wliioh question is one of the questions of KCn^AKA and in 
which the ooeflioient of the unknown quantity in the numerator ia called bhajta 
or diyidend, the denominator ha&a or diyisor and the augment kbhbpa. 

It is clear that in this equation, if the augment be not divisible by the aama 
number as the dividend and divisor, the valuea of x and y will not be integers, 
and hence the question will be insoluble. But here in order that no question 
should be insoluble, the author has atated that the dividend and divisor 
should always be taken, reduced to their lowest terms, otherwise the question 
will be inyuluble. 

As in tho present question, if the dividend kalpa-adhimabas and the divisor 
XALFA SAUUA duys be taken not rcduoed to their lowest terms, i. o. not divided by 
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XIII. 25.] Siddhduta-a'iromanL 243 

duo oast from that city (ujJAT(Nf) 7 What is tlio latitudo of 
the place (B) distant also 90^ from the city (A) and bearing 
due west from it ? What also is the latitude of a place (C) 
also 90^ from (B) and bearing N. E. from (B) : and of the 
place (D) which is situated at a distance of 90^ from (C) and 
beara S. W. from (C) ?♦ 



tlio mimbor 300000, tho qnestion will bo an impossiblo ono, bccnuso iho Ati|;ineiili 
6 is not divisible bj the same number. For iliis reason the dividend and 
divisor must be taken here reduced to their lowest terras. 

1593300000 

Hence, dividend = reduced KiLPA-ADniiCASAS = == 6311 ; and 

800000 
1655200000000 

divisor = reduced kat.pi saura days == = 5181000 . 

800000 
6311 07—6 

,'. By substitution, y = , 

5184000 
which gives x =: 826746 the elapsed sauea dajs 
or 2276 jears 6 months and 6 days. — B. D.j 

* Let a = the asimui h degrees, 

c2 = the disfanoe in degrees between the two cities, 
p = falabua' at the given city, 
k = aksra-kar^a, 
find X = tho latitude of tho other city. 

^sin rf X cos a cos d XP\ 12 
Then sin J ' 



(sin rf X cos a cos d XP\ 12 
Bad 12 / * 



Now in tho Ist qu rstion, « = DO*, d = 1)0», p = 5 digits, tho PALAUUa' at 
rjJAYlNf, and k = ^12« + 5» = 13 : 

(3438 X X 5x 12 
± 1 X — ; 
3438 12 / 13 

= (0±0)XU = 0: 
/. iT = = Itttitudo of (A) or of tamakoti. 



(3438 X X 0\ 
± I 
3438 12 / 



(2). In the second question, a = 00**, d = 90**, p=iO digits at tahakoti, 

and .'. Ar = 12 : 

^3438 X X 0\ 12 
X — ; 
12 

= (0±0)H = Ot 
/. a? = Latitudo of city ( B) or LANKA. 

(3). In tho 3rd question, a = 45®, <i = 90*», p = at hkVKi and A- = 12 : 

(3438 X 2431 X Ox 12 
-f J X — I 
8438 12 / 12 

= (2431 + 0) X 1 = 2431 : 
T 2 
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Tranalaiion of the 



[XIII. 26. 



26 and 27. Convert the distance of yojanas (between the 
two cities, one is eiven and the other 
IS that of which the latitude is to be 
found,) into degrees (of a large circle), and then multiply the 
sine and cosine of these degrees by the cosine of the azimuth 
of the other city and palabhX at the given city, and divide the 
products by radius and 12 respectively. Take then the differ- 
ence between these two quotients, if the other city be south 
of east of the given city ; and if it be north of that, the sum of 
the quotients is to be taken. But the reverse of this takes 
place, if the distance between the cities be more than a quarter 
of the earth's circumference. The difference or sum of the 
quotients multiplied by 12 and divided by akshakarna will 
give the sine of the latitude sought.* 

.-. x^z^"* Latitude of oitj (0). 



(4). In the 4th quettion, a = 46* rf = 90*, p = 12 at C and 

/3438x"1r" >^T 0>C12x 12 

_| V_^ *><lT7"2^ 

8488 



,* = 



(3438 X'V v^T UXIZX 

8438 12 / 

(3488 _ \ 1 8 



ar = 30* Latitude of D.— L. W. 
* [Ut Z bo the Zenith of the 
eivoii oil J bearing n north latitnde, 
Z H N G the Meridian, Q A U 
the TTorixon, P the north pole, 8 
the Zunith of the other city, the 
liiritude of which is to be found 
and Z S N the azimuth circle pass- 
ing through 8. Then the arc Z S 
(which is equal to the distance in 
degrees between the two cities) will Q 
be the Zenith distance of 8 ; the 
arc II G, the arc oontuininf the 
given iizimuth degrees, and 8 h 
which is equal to the declination of 
the point 8, the latitude of the 
othrr city which can be found os 
follows. 

Let a = H ^ the giTcn aximutii 
degrees, 

<2 = Z 8 the distance in degrees between the two cities, 

p = PALABHA« 
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28. Tell mo quickly^ Astronomor, what is tho latitudo 

of a place (A) which is distant i of the 

Question. i » . n t* i . « 

earth B circumforonce fi'om the city of 

bhXbX and bears 90^ due east from it ? What also is the latitude 

of a place distant 60^ from dhXrX^ btit bearing 45^ N. E. from 

it ? What also is the latitude of a place distant 60^ from DHlBiC 

and bears S. E. from it? What also fere the latitudes of 

throo places 120** from DniftX and bearing respectively due 

east, N. E., and S. E. from it 7* 

and 9 = 8^ ilie declination of the point S i. e. the latitude of the other citj. 
Then say, As sine Zg : sine k g ii sine Z S : the bhuja i. e. the sine of 

distance from S to the Priuie 
Vortical, 
or B : cos a t : sin d : niiUJA 

cos a sin d 

,*. nnuJA = — — . 

R 
And bj similar latitudinal triangles, 12 : jp : : cos (2 : b'akkutaIiA, 
pY,co%d 

.*. B'AVKirTALA =: . 

12 
Now when the other city is north of east of the given city, it is evident that 
tho BHUJA will be north and consequently 

tho sine of amplitude = bhuja -|- s'ankutaTiA : 

but when tho other city is south, tho biiuja also will be south and then, the 
sine of amplitude == bhuja ^ s'ankutala, 

cos a X ^n c2 p oos <l 

or the sine of amplitude = ± ■ . 

B 12 

And by latitudinal triangles 

Ar : 12 : t sine of amplitude : sine of declination u e. sin m 



12 >C sine of amplitude 
sin X = 



(cos a%9\nd p x cos <2\ 
± I 
R 12 / 



k k 

hence tho rule in the text. 

If the distance in degrees between the two cities be more than 90°, the point 
8 will then lie holow tlie Uori2on, and oonsequently the direction of tho bhuja 
will bo chuiigcd. Therefore the reverse of the sigus L will take place iu that 
ease.— B D.] 

_ ' sin ci X cos a ^ cos <l X p\ 12 
• Here also sin xz ' 



(sm d X cos a cos d X p\ 12 
± )x-, 
11 12 / * 
t question, a = 00^, <2 = Gu* 

la. 

(21)77 >C 1719 >C 5\ 12 
4- )X-! 
3438 12 / 13 



(1.) Tn tho flrnt question, a = 90^, d = Gu^ p = 5 digits tho palabh A of 
DiiAUA and .'. k = 13. 

r2977 >C 1719 >C 5> 
sin .T = I ■■ -f I X — J 



1719 X 5 12 8595 9 

x—=z =663—.: 

12 18 13 13 
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29. Tell mo, my friend, quickly, without being angry with 

me, if you have a thorough knowledge 

of the spheric, what will be the palabhX 

of the city where the Sun being in the middle of the abdb^ 

NAK8HATRA (i. 6. having the longitude 2 signs 13® 20') rises in 

the north-east point.* 

••. « s= 11^. . 15'. . V ^latitude of oity due east firom dbaba. 

(2). In the 2nd equation, a = 45*, d = 60% p = 6 & .'. Ar = 13 : 
•2977 % 2431 1719 X 6x 12 

.*. sin x = I X I ^ ~~ » 

V 34:m 12 / 13 
19399109 1913 

= = 2604 I 

7449 7449 

.'. * = 49* . 18'.. 24" Latitude of city bearing 45® N. E. from dhaba. 



(8). In the 3rd questioA, a = 45« d = 60* p = 5 and X: = 13. 
r2977 X 2431 1719 X 5\ 12 



am w 



(2977 y^ 2431 1719 X 5x 1S5 
8438 12 / 13 



9549239 7070 

"" 7449 "" 7449* 

.*. « = 21* . 64'. . 34" Latitude of citj bearing the S. E. from dhaba. 

(4). To find latitude of place 120o from dhaba and due east. Uere, sin 
d = sin 120« = ain 60* = 2977, ooa d = cos 120® = — sin 30<» = — 1719 
008 a ^ 0, |» = 5 and k 13 ; 

(2977X0 1719 % 5x 12 
± I X — J 
3438 12 / 13 
9 
= 662 — : 
13 
/. X or latitude = 11» . 16'. . 1". 
The latitudes of the places 120® bearing N. B. & 8. B., will be the same as 
the latitudes of those places distant 60* and bearing 8. E & N. B. Henco tlie 
latitudes are 21* 54'. . 34" and 49<» 18' 24".— L. W. 

• Anar, Sun's amplitude = sine of 45* = 2431', 
the sine of longitude of middle of abdba = sine of 2 signs 13<» 20 = siii 73« 
^ 20' = 8292'.. 6* 40'" 

and the sine of the Sun's greatest declination = nn 24« = 1397'. 

Then say : As Bad : sin 24* : : sin (73* 20^) : sine of declinaliou, and as 
sine of amplitude : sine of declination : : Had : cos of latitude, 
.-. sine of amplitude : siu 24© : : sin (73*» 20') : oos of latitude. 

ain 24» x ain (73*.. 20^) 1397' X (3292' 6" .40^^ 

.*. oos of latitude = < = 

sine of amplitude 2431' 

= 1891' 60* 48" = sine of 38* 23' 37'' : 
whence latitude will bo 56* 36' 23' .-. sine of latitude = 2870* 13". 

Then buy. As co« of latitude : »ino of latitude : : Gnomon : oquinoutiul shadow 
1891'.. 51" : 2870' 13" :: 12 

12 X (2870'.. 13'') 13 

.*. equinoctial shadow = - = 18 — digits.— L. W. 

1B91' 61" 00 
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30. I'ell mo tlio sovoral lafcitudcs in which tho Sun remains 

above the horizon for one, two, three, 
four, five and six mouths before he 
sets again.* 

31. If you, intelligent, are acquainted with the resolu- 

tion of affected quadratic equations, 
then find the Sun's longitude, observ- 
ing that tho sum of the cosine of declination, tho sino of decli- 
nation, and the sine of the Sun's longitude : equal to 5000 is 
(tho radius is assumed equal to 3438.) 

32. Multiply the sum of the cosine of declination, the sine 

of declination, and the sine of Sun's 
Bulb. 

longitude by 4, and divide the product 

by 15, the quotient found will be what has been denominated 

the Xdta. Next square the sum and double the square and 

divide by 337, the quotient is to be substracted from 910678* 

Take the square-root of the remainder. That root must then 

be subtracted from the adya above found : the remainder will 

bo tho declination, when tho radius is equal to 3438. From 

tho declination the Siui's longitude may be found.f 

* Awtr. Wlicn Mio Sun lint northorn doolination he romains abovo tho 
Iioi'ixoii for Olio inoiiMi in 07* N. L. 
iivo motitliB ill OU* 
tliree months 73* 
four monthi 78^ 
five months 84^ 
six raoiifhs 90* 
Tlicse (ire roughly wrought : for BnASK&nXoifXRTA's rule for finding these 
Tjniiiiulcs see the tkipuab'nadiitayab of the goladuyata and also the oakita- 

DUYAVA.— li. W. 

t [Let a = the given sum, 

p =: tho sine of t lie Sun*s extreme deolination 
X = the shie of the Hun's declination. 
Then the eoeine of declination wiU be ^y/u*— »* and tlie sine of the Sun's 
R« 
longitude ^ : 

P 

R* 

.'. by question ^q*^x^ + * + = « : 

^ P 

or p ^R«-x« + (H + p) ar = ap, 



and p ^li=— «• = op ~ 0^ + p) « ; 

:^ = aV — 2 a p (R + rt a? + (B« + 2 R p + ;>») X* I 
2 R p + 2p») «« — 2 a|) (R + p) a? = — (a* — R*) jp« j 
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248 Translutiau of (he [XIII. 33. 

33. Givon the sum of the sines of the declination and of tho 

altitude of the Sun when in the prime 

Question. . , i i / -. 

vertical ; the taddhriti, tho kujya and 

sine of amplitude equal to 9500, at a place where the palabhX 



2ap(Ei + p) (a«~R»)i)« 

or X* • » = — • ; 

R* + 2Ei> + 2p« E* + 2Rj> + 2p« 

2a|,(R + p) aVMR + P)' 

completing tbe square, »• x + 



R« + 2 Rp + 2 p* (R* +'2 Rp + 2|>«) • 

(R" + 2 Rp + 2f>») « R« + 2 Rp + 2p* ' 

(R«+2Ri> + 2i>«)» 

RV* <»*i»* 



R« + 2 R p + 2 p' (R« -I- 2 R p + 2 p«)« 
ai>(R + p) / R«j,« a^p* 

... X ^ -: ^ — jj : 

R« + 2Ri> + 2i)« ^ R*4>2Rp-h2p« (R* + 2 Rp + 2p«) « 

rtp(R + p) y ii«y« ^«.,4 

ora?= ± ^ ___-. - 

R« + 2Ri) + 2p« V Rt^2Rp+2p« (R" + 2 Ri)+ 2p«) « ' 
Now here R = 8438 and p == 1397, 

ai>(R + p) ap(R+p) a X 1397 >C 4835 6734495a 



R« + 2 Ri> + 2 p« (B + 1>) • + 1>* (4835) • + (1397) * 26328834 
4 

— a nearly := Xdta ; 
15 

a* p* 8808777688881 «• 2 a« 

== =: nearly j 

(R» + 2 R p + 2 1;») « 6 tl 549831799550 337 . 
. R»|>» 23067713928996 

and = = 910729, in place of this the Au- 

R« + 2Ri>+2i>« 26328834 

thor has taken the numb er 910678. 

.-. X = Xi>YA ± ^910678 ^^^^T a« : 
but of these, the positive value is excluded by the nature of tho case, because 
the sine of declination is always less thau 1397. 
Ilenco the Rule in the text. 



Solution. The given sum =: 5000, 
5000X4 

.-. ADTA = = 1333' 20* and rfy a* = 148367' 57'' 9/" 

15 

.•. sine of declination = 1333' 20'' — ^910678 — 148307' 57' 9'" 
= 1333' 20" — 873' 0' 1^ 

= 400' 13" 47«" : Ironi which wo have tho longitude of 
ho Sun = 0«..19*..1V SO-' or 5' 10\.45' 24'' or 6» li;« 14'. 86/' or 
11".. 10^ 45'.. 24^-1]. D.J 
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or equinoctial shadow is 5 digits, tell me then, my clever 
friend, if quick in working questions of latitudinal triangles 
and capable of abstracting your attention, what are the separate 
amounts of each quantity ? 

84. First assume the sine of declination to be equal to 
12 times the shadow palabhX : and 

BULS. 

then find the amounts of the remain- 
ing quantities upon this .supposition. Then those on the sup- 
position insulo, multiplied severally by the given sum and divided 
by their sum on the supposition made, will respectively make 
manifest the actual amounts of those quantities the sum of 
which is given.* 

35. If you have a knowledge of mathematical questions 

involving the doctrine of the sphere. 
Question. ,, t . mii .t i 

tell me what i?v ill be the several amounts 

of sines of amplitude, declination and the kujtI (where the 

palabhX is 5 digits) when their sum is 2000.t 

• Solution. Ilcro rALAniiX = 5 rtifjits 
.*. 8u|i)M)H0 tliu diiio of (IroliiiHtioii = 5 X 12 = CO ! 
Bud tlion say. If riLAiiui : aksuaxar^a. : : sine of docln. t 8AM1 s'lNKiT 

13/ GO 

.or 6 : 13 : : 60 : 8AMA8'AirKU = =166, 

5 
166 X 13 

Gnomon t AKsnAKABisri : : 8AMA 8'avku s taddhritis: = 160 , 

12 
60X5 

12 : falabha' : : sine of decln. : kujta = = 25 , 

12 

C0>C13 

and 12 : AKSitAKAUiyA : : sine of dccln. : sine of amplitude = =05 . 

12 
.'. If the pum : sine of deoln. supposed : : giren sum : sine of dooln. required, 
or 475 : GO : : 9500 : 1200 . 

If 475 ! 156 ! : 9500 t 8120 8AHA s'anku requiitxL 

fljid so on 8380 taddiiiuti 

500 KUJYA 

1300 slue of amplitude. 

Ansr. 



t Solution. Uere also PALAnnA = 5, 

then suppose sine of tlcclinaliun os before = 60 , 

and.*. sine of oiiiplilude =: 65, 

and XUiYA =: 25, 

the sum = 150 , 

U 



L. W. 
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36. But dropping for a moment thoso questions of tlio 

siddhXktas involvinff a knowledffo of 
Quettione. , _ ^ , , „ 

the doctrine of the sphere, tell me, my 

learned friend, why in finding the point of the ecliptic rising 

above the horizon at any given time, (that is the i.aona or 

horoscope of that time,) you first calculate the Sun's apparent 

or true place for that time, i. e. the Sun's instantaneous place : 

and further toll me, when the Sun's savana day, i. e. terrestrial 

day, consists of 60 sidereal GHAjiKis and 10 palas, the lagna 

calculated for a whole terrestrial day should be in advance of 

the Sun's instantaneous place, and the laqna calculated for the 

time equal to the terrestrial day mintis 10 palas should be 

equal to the Sun's instantaneous place. 

37. Are the ghatik^s used in finding the lagna, ghatik/s 
of sidereal or common sXvana time? If they are sXvana 
OHATiKiCs, then tell me why are the hours taken by the several 
signs of the ecliptic in rising, i. o. the RiCs'yuiUYA which aro 
sidereal, subtracted from them, being of a diilbrent denomina- 
tion ? If on the other hand you say they are sidereal, then 
I ask why, in calculating the lagna for a period equal to a 
whole sXvANA day i. e. 60 sidereal gha^ikas and 10 palas, the 
LAGNA does not correspond with, but is somewhat in advance 
of, the Sun's instantaneous place ; and then why the Sun's 
instantaneous place is used in finding the lagna or horoscope.* 

38. Given the length of the shadow of gnomon at 10 GAffs 

after sun-rise equal to 9 digits at a 
place where the palabhI in 5 digits; 
tell me what is the longitude of the Sun, if you are au fait in 
solving questions involving a knowledge of the sphere.f 



800 sine of deolination, 
8661 sine of amplitude, 
8831 KUJYA.-L. W. 

* [For anewen to these qaestions see the note on the 27th verse of the 7th 
OIk-B. D.] 

t [For sol? ing this question, it is necessary to define some linos drawn in the 
AruUlarj sphere and shew some of their rehitions. 



D saj as before 




as 160 : 60 


tt 2000 : 


as 160 t 66 


t: 2000 I 


as 160 : 26 


:: 2000 : 
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39. Toll ino^ Astronomor^ what is ilio FALADHiC at that 
place where the gnomon^s shadow fall- 
ing due west is equal to the gnomon's 



Question. 




Let B D B be meridian of the given place^ A B the diameter of tlie 
Uoriisoii, B the Zenith, F and Q tne north and south poles, BAD tlie diameter 
of the Prime Vertical, FAG that of the Bquinootial, FAQ that of the six 
o*olock line, Hfh that of one of the diurnal oircles, # the 8un*s projected place 
in it and /A, # m, H » perpendiculars to B. Then 

B V or B P = the lutitudo of the place, 

A/= the shio of the Sun*s declination, 

A ^ = AGRA or the sine of amplitude, 

fg = kujya'. (It is called ohabajta' or sbe of the ascensional difference 
when reduced to the radius of a great circle ) 

y # = kala'. (It is called s(}tba when reduced to the radius of a great circle.) 

«^ = ISHJA u^iTi. ^It is called taddhbiti when # is at 0, HfiiTi when a ia 
at U and kvjta when « is at/.) 

The ishta briti reduced to the radius of a great circle is called iBfijk avtza\ 
but s coincides with IT, it is cnllod ANTfA' only. 

It is evident from the lignro above described that 

(1) ISUTA HfllTI = KALa' ± KUJYA', 

(2) ISHTA ANTTA' = 8(JTRA + CnARAJYA', 

(3) iiRiTi = dyujta' or cosine of declination ± kujta', 
('t) Awtia' = radius ± oharajta'. 

Iloro the positive or negative sign is to be taken according as the Son is in 
the northern or southern hemisphere. 

u 2 
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252 Translation of the [XIII. 89. 

heighfc when tho Sun is in the middle of tho sign Loo^ i. o. 
when his longitude is 4 signs and 15 degrees.* 

Now at a giren hour of the day, the ibbta hriti and others can be found 
as follows. 

Half the length of the day diminished by the time from noon (or the nata 
KA^Li pi*op(^rly so oiillod) is the dnnata Kala (or olcyated time). Subtract from 
or add to tho unnata ka'la the ascensional diltureuce according as tliu Sun is 
in the northern or southern hemisphere : reduce the remainder to degrees : the 
sine of tho degrees is bUtua. The sdrUA. multiplied by the cosine of declination 
and divided by the radius gives the kala.^ Then from the above formula) wo 
can easily find the ibhta heiti and others. 

Now to find the answer to the present question. 

Square the length of the Qnomonio shadow and add it to the squaro of tho 
Qnomon or 144 : and square- root of the sum is called the h)'polhcnu:)o of tho 
shadow. From this hypothonuse find tho MauaVamku or tho sine of tho Suu*d 
altitude by the following proportion. 

As the hypothenuse of the sluidow 

: Gnomon or 12 

I : Radius 

: The Mahab^anxu or the sine of the Sun's altitude. 

Then by similar latitudinal triangles, 

as tho Gnomon ot 12 digits 

: AKBRA XABtTA fouud from giveii PAI.ABUA' 
: MAHAS'AllKir 

! iBUfA iiBiTi (sec Torsos from 45 to 49 of the 7th Chapter), 

Itoiluco tho given UMNATA KA'tA to degrees and luisunio the sino of tho dogrooB 
M IBUTAMTYA (for this will always be very near to the isuf a'mtya). Then 
cosine of declination = ishta hriti 
Badius ibhta'mtta 

From this the cosine of deolination will nearly be found, and thence the 
declination and ascensional difference can also be found. From the ascensional 
difference, just found, find the iBHTA'ifTYA' of two kinds, one when the Sun is 
supposed to be in the northern hemisphere and the other when the Sun is 
supposed to be in the southern hemisphere. Of these two iSHfANTYA's that is 
nearly true which is nearer to the rough ibdta'mtya' first assumed (i. e. the sine 
of the UNKATA ka'la). From this new ishta'ntta' find again the declination 
and repeat the process until the roughness of declination Tanishes. From tho 
doclination, last found, the longitude of the Sun can bo found. — 1). D.] 

* The hypothenuse of the sludow is first to be found. Then say 
As hypothenuse of the ahadow 

: Gnomon 

:: Bad 

: the maha' s'ahku or the eine of tho Sun's altitude. 

Here we shall find Bine of 45*. This is the bama b'ankct. 

It is 2431' signs 

Sin e of de olinatio n of the Su n when in 4 . . 15® = 987' 48" 

.*. 2431'^ ' — 987' .. 48"^ ■=(TAi>DnKiTi — icujya')* 

or 5909761 — 975749.. 9 = 4934011 51. 

.•. TADDHBin — kujta' = i^ 4934011 .. 51 = 2221' .. 15" 

Here we have 8 sides of the lotitudinal triangle consisting bama b'abku, 
declination and taddhriti — kujta'. Hence we may find the latitude. 

Then by simiUr latitudinal triangles 
As TADDuaiTi — kujya' 222V . 15' 

: sine of declination 987' .. 48^' 

: : Gnomon 12 

: paladua' 5^ digits.— L. W. 
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40. When ibo Sun enters the prime vertical of a person 

at ujjayinI either at 5 qhatts after 
QueBtioD. . ^ 

sun-nse or 5 aiUTis before or after 

midday^ what are his declinations ? If you will answer me this 

I will hold you to be the sharp ankus'a (goad) for the guidance 

of the intoxicated elephants^ the proud astronomers.'i^ 

* First of all assume H N tlie tad« 
I>n9,iTi = sino of tho giyen eloiatod 
tiino that is =: sin 80*. From this 
find the b'avki; or the sine of altitude 
by similar trianglos. 

If AKsni KAU^A or hypothenuse of 
equinoctial shodow. 

: Gnomon 12 

: : TADDUBITI 

12>CTADDnBITI 
: 8 AMA s'llTKU = '• = 

\Z 

» ON 

From O N, to find O B the fine of declination saj 

falabha' X O N 

as AK8HA KABtrA s falabua' : : ON: O B = « = sine of de* 

18 
olination. 

From O B we may now And the longitude of tho Sun and O D the ascen- 
sional dinerence: Now deduct this naconsionol diffbreuce from the sine of 
olovatod time converted into decrees. I [once 

0D-.OD = 0O. 
Now reduce O to terms of a small circle on the supposition that the Sun 
has the d(H:lina(.ion now fuund. 

As itnd : O : : cosine of declination : N B. 
Now find also B A by the some proportion. 
Then NB-fBA = NII'a new value of TADDHBrn. 
If EI N : gave O B : : H N' : O B' corrected value of O B. 
Uenee a corrected longitude of the Sun. 
Tlie operation to be repeated till rightness is found. 

2nd. — To fiud the declination from the hata ka'IiA or time from noon = 
Bin30». 

Jiia a = Iho sino of nata ka'la : R* — «* =: ertxiiA", 
and X = the sine of declination : H' — x' = cos' of declination. 
The st^TBA reduced to value of diurnal circle will give kala' 
The proportion is. As B : b<}tba : : cos of declination : xala', 
but I do not know what cos of declination \n but only its square. 
I must therefore make this proportion in squares 

(B* — a*) (R« — ar«) ' 

As R* : Bt^fBA* : : cos* of declination : kala^ *= - 

R» 
Now hy similar latitudinal tr iangle s 
Ai 15 V • paladuaO * • • K*^1 * • ""®* ^^ declination 

?IZI5SiV ^ ^ (B«-a«) (R«^x«) 

.•. sine* of declination = x kala | * = T"" ^ ~ 

= ar« • • 
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41. In a placo of which tho latitudo is nnknown nnil on 

a day which is unknown^ the Snn was 
Qaestioiu . 

observed, on entering the prime ver- 
tical, to give a shadow of 16 digits from a gnomon (12 digits 
long) at 8 ghatikXs after sun-rise. If you will toll mo tho 
doclioation of the Sun, and the PALABfliC I will hold you to be 
expert without an equal in the great expanse of the questions 
on directions space and time.'*^ 

42. O Astronomer, tell me, if you have a thorough know- 

ledge of the latitudinal fimirca, tho 
FALABHA and the longitude of the Sun 



Now ll«—a« = 8864883 

25 (R> -- a') » 25 X 8804883 = 221G22075 
and 144 B* = 144 (3438)* = 1702057536 

221622076 (B« — x^ 

1702057530 "" 

1702067636 

E« — »•= »» = 7t»» nearly 

221622076 

SB' 

.«. 26 «' = 8 B* : »> = = 1363828 

26 

and » = >y/l363828 = 1^67' = sino of 19* . . 61' 
Hence the Sun*6 place maj be found.— L. W. 

• To find Mie sine of altitude or maha' s'AHinr 

(16)« -I- (12)« = (20)* .,. Iiypotbeuuae of the ahadow = 20. 
Then saj 
As 20 : 12 : : 8438' t 2062' .. 48^ =: the maha' s'AKKir. 

Now tuppoee the tine of unvata. xa'la or 8 ohatika's to bo the TADDHam 
= 2656. 

Then by timilar trianglea 

2656' X 12 

2062' .. 48" : 2666' : : 12 : AUHA KAB^A = 

2062^ 

From this find the palabha'. 

To find declination Mja 

At AKBHA KAB^A. : valabha' t : 2062^ . . 48" : sine of declination. 

From this find the cosine of declination, the kvjta, the asceniional difi'eronce, 
Ac. The UMNATA "KLLL diminished by the ascensional difference giTca the time 
from 6 o'clock : the sine of this time will be tho b^tra and hence tho kala : 
thence (kdjya' being added) thu tadoiikiti : and thence the akbiia kab^a nnd 
declination. The operation to be repeated till tho error of tho original assump« 
tion Tauishea.— L. W. 
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at fcbafc ploco^ where (afc a certain time) the kujtA is equal to 
245 and the taddh^iti is equal to 3125.* 

43. Given the sum of the 3 following quantities^ viz. of the 
sines of declination, and of the alti- 
tude of the Sun (when in the prime 
vertical) and of the taddh^tti decreased by the amount of the 
KUJYA equal to 6720, and given also the sum of the kujta, tho 
sines of amplitude and declination (at the same time) equal 
to lOCO. I will hold him, who can tell me the longitude of 
the Sun and also paladhX from the given sums, to be a bright 
instructor of astronomers, enlightening them as the Sun makes 
the buds of the lotus to expand^by his genial heat.f 



• Ansr. Let jp = the palabha 

2940 
then saj. As » : 12 t : 246 : sine of deolination = — — • 

m 
Now find the taddhiuti ndmu KUjrA\ 

2940 86280 

Ab « : 12 ! ! : TADDHBITI — KUJTA = . 

But TADDURm — KUJTA = 3126 — 2i6 = 2880. 
85280 86280 49 

.-. 2880 = and »• = = — 

ar* 2880 4 

.*. « = i = 8| PALABUA. 

To find declination snj 

As 81 : 12 : : 246 : 840 sine of declination. 

Henco the longitude of the San maj be discoTered as before.— L. W. 

t Tliis question admits of a read/ aolation in consequence of its peculiarities* 
The sine of declination ^ 

samab'avkuV =6720 
and TADDHiirn — kujta ) 
arc all throe rospcctivoly perpendiculars in the three latitudinol triangles. 
And the KUJTA '\ 

the sine of amplitude > = 1960 
and the taddiiriti — kujta) 
are bases in the same 8 triangles. 

Hence we msj take the sum of the 8 perpendiculars and also the sum of the 
three bases and use them to find the paladua. 
As the sum of the ) sum of the 8 bases Qnomon palabha 
8 perpendiculars j in the same triangles 

1960 X 12 

6720 : 1960 :: 12 : = 3^. 

6720 

Kow the KVJTA, sine of amplitude and sine of declination are the throe sides 
of a latitudinal triangle. Those throe I may compare with the three Qnomoii, 
palabha and aksiia kab^a to find the Talue of any one. 
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44. Given the sum of tho sine of declination^ sine of the 

Sun's altitude in prime vertical and 
Question. _ . y 1 

the TADDH^LTTi mimis KOJYA equal to 

1440', and given also the sum of the sine of amplitude, the 

sine of tho Sun's altitude in prime vortical and tho TADPiiRrri 

equal to 1800'. I will hold him, who having observed the 

given sums.* 

45. Given the equinoctial shadow equal to 9. What longi- 

^ tude must the Sun have in that lati- 

Question. • i t/« 

tude to givo an ascensional dmcronco 

of throe ghatis ? I will hold you to be tho best of astrono- 
mers if you will answer me this question.f 

46. Hitherto it has been usual to find the length of tho 

Sun's midday shadow, of the shadow 
Quostion. « ., r^ , . .1 

of tho Sun when m the pnmo vorti- 

But the AX8RA KABILA must be first found to complete the sum of those three, 
y- /(;25 25 

AKBHA KAimA = A/(V^y' + (J)" = v^— = g" 

Gnomon = 18 ^ 

PALADUA = S| V = 28 sum of the 8 sides of a httitadinal triangle. . 

AK8HA KABNA = 12^ 

Now if 28 : 12 : : 1960 : 840 the sine of declination. 

Hence the place of the Sun as before. — L. W. 

* This question is similar to tho preceding. . 

In the flrst sum we huYC tho sum of three perpendiculars in three dilTeront 
latitudinal Triangles. In the second we hafe tho sum of tho throo hjpol bo- 
nuses of those same three Triangles. Ilonoe wo may say. 
. sum 8 per. sum of 8 corresponding by. Qnomou akbuakauna 
As 144U : 1800 : : 12 ; 16 * 

Kow from aksha gAnyA to find palabhX 
PALABHi = v^(16)*-(12)» = j^Sl = 9. 

Now Aine of amplitude, sine of the 8ut&*s altitude in tho Primo Vortical, and 
the TADDUBITI arc tho three sides of a latitudiuaL— L. W. 

t Let s ^ sine of the Sun*s declination, 
then 12 I 9 : : g ; K PJYJ = } a?. 

Again ▲/K*— ^v' = cosine of declination. 
Then as B i eos of declination : : sine of ascensional diiTcrce. : kujtX 

Sine of asoensl. diffce. or ohabajyA ^ sine of 8 guatis =: sin 18* = 10G2'. 
cosin of decln. >C oiiabajxX 

.'. — = KUjrX 



^K"— a?» >c 1002 



K 



<udo. 



ence may bo fuuud the sine of tho Suu*8 doclu. and tliouco his lonui- 
•.-L.W. *• 
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cal, and wbou in an icterinediato circle (i. o. wliou be has an 
azimuth of 45*) by three different modes of calculation : now 
ho who will by a single calculation tell me tho length of those 
three shadows and of the shadows at any intermediate points 
at the wish of the querist, shall be held to be a very Sun on the 
Earth to expand the lotus-intellects of learned astronomers.'i^ 

* [Ifero tlio problem is tliis :— Given the Sun's declination or amplitiido, 
the Equinoctial shadow of tho place and tho Sun's azimuth, to find the Sun's 
shodow. 

For solring this problem Bnl8KABXonlRT4 has stated two different Bules 
in the GakitXduyAta. Of them, we now shew here the second. 

*' Mnltiply the square of the Radius bj the square of the equinoctial shadow, 
and the square of tjie coeine of the azimuth bj 144. The sum of the products 
divided bj the difference between the squares of the cosine of tho azimuth and 
tho sine of the amplitude, is called the pbathama (first) and - the continued 
product of the Radius, equinoctial shadow and the sine of the amplitude 
divided bv the (same) difference is called the AVTA (second). Take the square- 
root of the square of the anya added to the peathama : this root decreased 
or increased by tho ahta according as the Sun is in the northern or soulhcrn 
hembphere gives the hjpothenuse of the sluidow (of the San) when the Suu 
is in any given direction of the compass." 

*'But when the cosine of the azimuth is less than the sine of the amplitude, 
take the square-root of the square of the ahya diminished bj the pkatuama : 
the AHYA decreosed and increased (separotelj) by the square-root (just found) 
gives the two values of the hjpothenuse (of the Sun's shadow) when the Suu 
18 in the northern hemisphere." 

This rule is proved algobraicallj thus. 

Let a = the sine of amplitude, 
A = the sine of azimuth, 
= the Bquinoctial sliadow, 
and X =: tlio hypothonuse of the shadow when the Sun is in any given direo* 
tion of the compass. 

Then say 

12 B 

as « : 12 : : B i the MAHi b'ankit or the sine of the Sun's altitude = — >- ' 



/ /12B\« K y-, 

and.', the sine of tho Sun's zenith distances: / B*— i 1 ^— ^•■— 144i 

12 R en 

Kow, as 12 : e = : s'ankutala = . 

» X 

•*. BAhv or the sine of an arc of a circle of position contained between the 

eH 
Sun and the Prime Vertical = a ^ — : (see Oh. Til. T. 41) here the sign- 
dp 
or -I- >9 nsod according as the Sun is in (ho northern or southern hemisphere. 
Then say 

B sB 

as — >y/«*— 144 : a q: : t B : A : 

X 9 

BA / eB>_ 



BA / eB\ 

/. v^*»— 144 = I a hF 1 B| 
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47. He wlio, knowing both the azimuth and the longitude 

of the Sun. observes one shadow of the 
QaetlioD. , , , 

gnomon at any time, or he who know- 
ing the azimuth observes two shadows and can find the paul- 
BHi, I shall conceive him to be a very GxRupA in destroying 
conceited snakes of astronomers. 

[On this BsisKABicHi^BTA has given an example in the Ga^i- 

TifDHYiCYA as follows. 

'^ Given the hypothenuse of the shadow (at any hour of the 

day) equal to 30 digits and the south 
Kxamplo. rt T • 

BHUJA* equal to 3 digits : given also 

or A v^»«— 144 = a » ^ « R ; 

A* ir«-144 A« = a« »• :F 2 R « a » + «• R« , 
(A«— a*) ar«:t2Rtfa» = ««R«+144A«; 
n$0 e* E* -f 144 A< 

»«±2 «= , 

A«— a» A»-a« 

or or* di 2 aitta 9 = pbatdama (1) 

.•. »" ± 2 AK TA 9 + AWTA* = PEA THAM A + AMTA* 
•nd .'. 9 = ^i^RATUAMA -f AMYA* Z^ AV YA. 

But when A ,d^ a and the Sun is in the northern hemisphere, the equation 
(1) will be »•— 2 AHXA 9 = — pratham a , 

and then 9 = amta ± ^ahya*— liret : 

i. e. the Talue of the hjpothenuse of the shadow will be of two kinds here. 

Henoe the Rule. 

Bhasx ABACS ABTA was the first Hindu who has giTen a general rule for 
finding the 8un*s shadow whatever be the asimuth} and he was the first who 
has shewn that in certain oases the solution gives two different results. — B. D.] 

* [On a levelled plane draw east and west and south and north lines and on 
their intersecting point, place Gnomon of 12 digits : the distance between the 
end of the shadow of that Gnomon and the cast and west lino is calluil the 

BUUJA. 

It is to be known here that the value of the great buvja (as stated in 41st 
verse of the 7th Oh.) being reduced to the hypothenuse of the shadow becomes 
equal to the bhuja (above found). 
Or as the Radius 

: the great buuja 
: I the hypothenuse of tlie sliadow 
I the rcciuccd buvja or the distance of the end of the shadow from the 
east and west line. 

This reduced bhuja is called north or south according as the end of the 
shadow falls north or south of the east and west line. 

It is very clear from thia that the reduced bhuja will be the cosine of the 
asimuth in a small circle described by the radius equal to the shadow. 
Or as the shadow 

: the reduced bhuja 
3 : radius of a sreat circle 
: the cosine of the asimuth. 
This is the method by which all Hindas roughly determine the asimuth of 
the Sun from the bhuja of his gnononic shadow. — B. D.] 
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the liypofclionuse equal to 15 digits, and the north iniujA equal 
to I digit> to find the palabh^C. Or, given the declination 
<3qual to 840 and only one hypothennse and its corresponding 
BHUJA at the time, to find the PALABHiC/^] 

48. First of all multiply one bhdja of the shadow by the 

hypothennse of the other, and the se- 

BULB. 

cond DHUJA by the hypothennse of the 
lu*st : thou take the difTeronco of these two buujas thns multi*^ 
plied, if they are both north or if both south, and their sum 
if of different denominations, and divide the difference or the 
sum by the difference of the two hypothenuses ; it will be the 
palabhX.* 

49. Uow should he who, like a man just drawn up from the 

bottom of a well, is utterly ignorant of 

the palabhX, the place of the Sun, the 

points of the compass, the number of the years elapsed from 



^ The rule mentioned here for finding the palabha/ when the two •litdowe 
and their rcspectiTe snuJAS are given, ii proved thus, 
Lot A, r= Iho flrat hj|K)thonu»o of the fhadoW| 
6| = itB corrcfi]ioiuUiig miUJA, 
A, ^ the second hjpothcnuse, 
and h^ == its corresponding dhitja, 
Then 

UR 
Ai i^A t 12 : : VLx = the first MAHA a'AHJCC ) 

*i 
12 U 
and in the same manner = the second maqa s'aItku | 

and nlso as A| : A. : t R : = the first great nnVJA , 

K 
6. R 
and .*. s= the second groat snuJA , 

*? 
6j B _ Jg R 

Tlicn the palabha' = (see Ch. XI. V. 8«) 

12 R 12 R 

6, *g -♦- 6g A| 



A, — A 
Hence the Rule.— L. W. 

X 2 
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the commencement of the yuoa^ the month, the tithi or Innar 
day and the day of week, being asked by others to tell quickly 
the points of the compass, the place of the Sun, &c., give a 
correct answer ? He, however, who can do so, has my humble 
reverence, and what astronomers will not acknowledge him 
worthy of admiration ?* 

50. He, who can know merely with the staff in his hand, 

the height and distance of a bamboo 
Question. . 

of which ho lias observed the root and 

top, knows the nso of that instrument of instruments — (lonius 

(the DHfYANTBA) : and tell me what is there that ho cannot 

find out I 

51. There is a high famous bamboo, the lower part of 

which, beiuff concealed by houses, &c. 
Qaeetion. ...,,, , , 

wasmvisiblo: the ground, however, was 

perfectly level. If you, my friend, remaining on this same spot, 
by observing the top, will tell me the distance and its height, 
I acknowledge you shall have the title of being the most skil- 
ful of observers, and expert in the use of the best of instru- 
ments, DHfTANTRA. 

52. Having seen only the top of a bamboo reflected in 

^ water, whether the bamboo be near or 

Qaottion. 

at a distance, visible or invisible, if 

you, remaining on this same spot, will toll mo tho distanco and 

height of the bamboo, I will hold you, though appearing on the 

Earth as a plain mortal, to have attributes of superhuman 

knowledge, t 

53. Given the places of the Sun and the Moon increased 
by tho amount of tho procession of tho o(piinox, i. o. thoir 
longitudes, equal to four and two signs (i:espectively) and the 
place of the Moon decreased by the place of the ascending 
node equal to 8 signs, tell me whether the Sun and the Moon 
have the same declination (either both south or one north 

• T1ii» refers to the 84th rerse of the Ch. XT.— L. W. 

t [Answers to these questions will be found in the 11th Oh. — B. T>.] 
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mid ODO sontli), if you have a porfect acquaiutanco with tho 

DllfVElDDHTDA TaNTRA. 

54. If tJie placo of tho Moon with the amount of tho pro- 
cession of tho equinox be equal to 100 degrees^ and the place 
of the Sun increased by the same amount to 80 degrees, and 
the place of the Moon diminished by that of the ascending 
node equal to 200 degrees, tell me whether the Sun and the 
Moon have tlio same declination, if you have a porfect acquain- 
tance with the DufvKiDDUiDA Tantra. 

55. If you understand the subject of the pXta i. e. the 
equality of the declinations (of the Sun and the Moon), tell 
me the reason why there is in reality an impossibility of the 
pXta when there is its possibility (in the opinion of Lalla), and 
why there is a possibility when there is an impossibility of it 
(according to the same author). 

56. If the places of the Sun and the Moon with the amount 
of the precession of the equinox be equal to 3 signs plus and 
minus 1 degree (i. e. 28. 29* and Ss. 1® respectively) and 
the place of the Moon decreased by that of the ascending 
node equal to lis. 28^ tell me whether the Sun and the Moon 
have the same declination, if you perfectly know the subject. 

67. (In the DufvuiDDHiDA Tantea), it is stated that the pXta 
is to come in some places when it has already taken place (in 
reality), and also it lias happened where it is to come. It is 
a strange thing in this work when the possibility and impos- 
ibility of the fXta aro also reversely mentioned. Tell me, 
you best of astronomers, all this after considering it well.* 

58. I (BhXskara), bom in the year of 1036 of the S'^lt- 
Date of tho Author^ birth v^HANA era, havo Composed this Sid- 

and hia work. DuXnTA-S'iROMANI, whou I was 30 

years old. 

59. Ue who has a penetrating genius like the sharp point 

of a large dabdha straw, is qualified 
Author*s apology. -i i • xi 

to compose a good work m matlie- 

* [Answers to these questions will be Tound in the last Chapter of the Qamiti- 
DAYAYA.— B. D.] 
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matics : excuse, therefore, ray impudence, O learned astrono- 
mers, (in composing this work for which I am not qualified). 

60. I, having lifted my folded hands to my forehead, beg 
the old and young astronomers (who live at this time) to 
excuse me for having refuted the (erroneous) rules prescribed 
by my predecessors ; because, those who fix their belief in the 
rules of the predecessors will not know what is the truth, 
unless I refute the rules when I am going to state astronomical 
truths. 

61. The learned Mahbs'wara, the head of all astronomers, 

the most good humoured man, the 
Author's birth-place, &o. « ,7 ^ m/. i • .i 

store of all sciences, skilful in the 

discussion of acts connected with law and religion, and a BRi^H- 

MANA descended from S'Xnpilya (a muni), flourished in a city, 

thickly inhabited by learned and dull persons, virtuous men 

of all sorts, and men competent in the three Ykdas, and situated 

near the mountain Sahya. 

G2. His son, the poet and intelligent Biii(sKAUA, made this 
clear composition of the SiDDHi^NTA by the favour of the lotus- 
like feet of his father ; this SidduXnta is the guidance for 
ignorant persons, propagator of delight to the learned astro- 
nomers, full of easy and elegant style and good proofs, easily 
comprehensible by the learned, and remover of mistaken ideas. 

63. I have repeated here some questions, which I have 
stated before, for persons who wish to study only this Pras ka- 
dhyXya. 

64r. The genius of the person who studies these questions 
becomes unentangled, and flourishes like a creeping plant 
watered at its root by tho consideration of tho questions and 
answers, by getting hundreds of leaves of clear proofs, shoot- 
ing from the Spheric as from a bulbous root. 



End of the I3th and last Chapter of the GolXdhyXya of the 
StddeXnta-s'iroma^i. 
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APPENDIX. 



ON THE CONSTRUCTION OP THE CANON OP 
SINES. 

1 . As tlio Astronomer con acquire tbe rank of an Achaeta 
in the science only by a thorough knowledge of the mode of 
constructing the canon of sines, BhXskaba therefore now pro- 
ceeds to ti'eat upon this (interesting and manifold) subject in 
the hope of giving pleasure to accomplished astronomera. 

2 and 3. Drnw a circlo with a radius equal to any number 
of digits : mark on it the four points of the compass and 3G0®. 
Now by dividing 90^ by the number of sines (you wish to dmw 
in a quadrant), you will get the arc of the first sine. This 
arc, when multiplied by 2, 3 &o., will successively be the arcs 
of other sines. Now set off the first arc on the circumference 
on both sides of one of the points of the compass and join the 
extremities of these arcs by a transverse straight line, the half 
of which should be known the sine of the first arc : All the 
other sines are thus to be known. 

4. Or, now, I proceed to state those very sines by mathe- 
matical precision with exactness. The square-root of the dif- 
ference between the squares of the radius and the sine is cosine. 

5. Deduct the sine of an arc from the radius the remainder 
will be the voi*sed sine of the complement of that arc, and the 
cosine of an arc deducted from the radius will give the versed 
sine of that arc. The versed sine has been compared to the 
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aiTow between the bow and the bow-string : but here it has 
received the name of versed-sine. 

6. The half of the radius is the sine of 30^ : the cosine of 
30<* will then be tlie sine of 60*. The square-root of half 
squaro of radius will bo the sine of 45o. 

7. Deduct the squai*e-root of five times the fourth power 
of radius from five times the square of radius and divide 
the remainder by 8 : the square-root of the quotient will bo 
the sine of 36o. 

Or y -"^ ' ^ ' --Vv ^Wl _ ^^^ 3C0,, 
^ 8 

8. Or the radius multiplied by 5878 and divided by 1 0000 
will give the sine of 36®, (where the radius = 3438.) The 
cosine of this is the sine of 54<^.t 

9. Deduct the radius from the square-root of the product of 



* [Thu ii proTed thai. 
Let • = aine IS** ; and .*. B — a = ooTon 18* or yera 72^ 

Than \/WKl^J^ = aine V : (aee tUa 10th ?eraa.) 
2 



or V'R (R - «) = .iiM, 86* , 
2 



but a = ^- (aea the 9tli yarae) 



V^6 tt« — B 

'= r^ 

... aine 86* = A {b ■ j (^SR^- B) } ^ /sH' - ^6R:* „. P.] 
V ^2 » 

B X 5878 

t Tlie BiUo in 8tU Torao ?w., acoma to bo tUe aame as above and 

10000 
to be deduoed from it ; 



7"^=r^="-y- 



for ----- -» A-^^" 



8 
y^5 = 2.287411 ke. 

and .*. 6 — ^5 = 2.762589 wbieh difided by 8 = .846323 

B X 5878 

.-. aine 36** = B 4/.845323 = R X 6878 = .— L. W. 

^ 10000 
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IIjo sqtiaro of mdiiia and iivo and divido tbo rcmaindor by 4 : 
tljo quotient thus found will give the exact sino of 18®.* 

10. Half the root of the sum of the squares of the siue 
and versed sine of any arc, is the sine of half that arc. Or, 
the sine of half that arc is the square-root of half the product 
of the radius and the versed sine. 

11. From the sine of any arc thus found, the sine of half 
the arc may be found (and so on with the half of this last). 
In like manner from the complement of any arc may be ascer- 
tained the sine of half the complement (and from that again 
the sine of half of the last arc). 

Thus the former Astronomers prescribed a mode for deter- 
miiiiug tho other sines (from a given one), but I proceed now 
to give a mode diilcrcnt from that stated by them. 

12. Deduct and add the product of radius and sine of 
onujA from and to the square of radius and extract the equare- 
roots of tho halves of the results (thus found), these roots will 
respectively give the sines of the half of 90® decreased and 
increased by the buuja. 

In like manner, the sines of half of 90® decreased and in- 
creased by the koji can bo found from assuming the cosino 
for the sino of bhuja. 

13. Take the sines of bhujas of two arcs and find their 
difference, then find also the difference of their cosines, square 



• [Tliia ia proroil Hnw. 

Let bo cciilro or tlio rirclo A15E 
anil -.rin = 8G», then AB = 2 sin 
18**, oiul .^ » (CAB, OBA) each of 
thorn = 2 0. 

Draw AD bisecting tbo ^^ CAB, 
then AB, AD, CD will bo equal to 
each other. 

Now let X ^ sin IB , then bjr simi- 
lar triangles CB : AB = AB : BI) or 
ll:2af = 2ar:H — 3ar; 

•, 4 ic» = 11* — 2 R a: wbicb gires 




Digitized by 



Google 



266 



Appendw. 



tliese differences^ add these squares^ extract their square-root 
and halve it. This half will be the sine of half the difference 
of the sines.* Thus sines can be determined by several ways. 
. 14. The square-root of half the square of the difference of 
the sine and the cosine of the dhuja of an arc is equal to the 
sine of half the difference of the dhuja and its complement.f 

I will now give some rules for constructing sines without 
having recourse to the extraction of roots. 

15. Divide the square of the sine of the bhuja by the half 
radius. The difference between the quotient thus found and 
the radius is equal to the sine of tho difference botween the 



* Tliif rule if obviotu, 
for ao = diifce. of Biiios bd & qf 
ond eb = diifce. of oosincB b<f & ah 
and^V + 6cY = ^V 
ab = chord of dilTerenoe of orot 
ab 

— = fino of ludf thai difference. 
2 

L.W. 




t liot boz=i sine of any arc and ba = its 
oofino. 

Draw the sine aJ= cosine b^, then ah its 
sine will be eqtml to be and a/=zfb- 

••• <*/* +fb* = ab* : but as a/* = fb* 
ab* af* ab* ^ ^ 
••. <§/*• 1= — and — s= — . I g 

lui* ab 







(I ^ 
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degrees of buuja and its complcinont.* In this way several 
Bines may be found here. 

[As these several rules suffice for finding ouly the sines 
of arcs diflfering by 3 degrees from each other and not the 
sines of the intermediate arcs^ the author therefore now pro- 
ceeds to detail the mode of finding the intermediate sines, 
that is the sine of every degree of the quadrant. This mode, 
therefore, is called PiiATiunAGAJYAKiff.viDni.] 

16. Deduct from the sine of bhuja its tV^v p<u*t and divide 

Bute, for finding the .ine '^^^ ^""-^"^^ ^^^ ^^ ^^^TI by 573. 
of every degree from 1** to 17. The sum of these two results 

will give the following sine (i. o., the 

siiio of DHUJA one dogroo moro than original bhuja and the 

difibrence between the same results will give the preceding 

sine, i. e., the sine of bhuja one degree less than original 

bhuja). Here the first sine, i. e., the sine of 1®, will be 60 and 

the sines of the remaining arcs may be successively found. 

18. The rule, however, supposes that the radius = 3438. 
Thus the sines of 00** of the quadmnt may be found. 

Multiply the cosine by 100 and divide the product by 1529. 

Rales for finding the 24 ^^' ^^^ «^^^^*^ ^^« ^h IP^^^ of 

sines ▼»., of 8**1, 7**4, iV^kt the sine from it. The sum of these will 

' ' be the following sine (i. e., the sine 

of arc of 30} degrees more than original arc) : and the difler- 



* Let ab bo any arc, ond ac = ah, 
then ad = its eomplemeiit, 
ed = tlioir differciicc, 
and 6c = 2 ad. 

Noir A>^""'^^^ = s»n~ors«na5, 
V 2 2 

R y, Tcrs be 
or ^ sill* abf 



2 sin' ab 



or Ters be = 



B 



sin' ab 

then B — ?ers 6c or sin erf = B — ■ .—I,, w, 

iB 
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once of them will be procoding sine (i. e., tlio sine of ai'C 3^ J 

degrees less than original arc). 

20. But the first sine (or the sine of 3oJ) is hero equal to 

224f (and not to 225 as it is usually stated to be). By this 

rule 24 sines may be successively found.* 

21 and 22. If the sines of any two arcs of a quadrant be 
Rules for finding the .ine. ni«l«plied by their cosines reciprocally 

of aum and difference of auj (that is the sine of the first arc by 

two arcB. .- . /..-iftT T.i . A 

the cosine of the 2a and the smo of 

th6 2d by tho cosine of the first arc) and the two products 
divided by radius, then the quotients will, when added to- 
gether, be the sine of the sum of the two arcs, and the differ- 
ence of these quotients will be the sine of their difierence.f 
This excellent rule called JYA-BHlvANi has been prescribed for 
ascertaining the other sines. 

23. This rule is of two sorts, the first of which is called 
SAMi(sA-nTii(vANi (i. 0., tho rulo for finding tho sine of sum 
of two arcs) and the second ANTARA-BHivANi (i. e., the rule 
to find the sine of di£Eerence of arcs). 

[If it be desired to reduce the sines to the value of any 
other radius than that above given of 3438.] Find the first 
sine by the aid of the above-mentioned rule PBATiBHiaAjYAxi- 

VIDHI. 

24 and 23. And then reduce it to the value of any new 
radius by applying the proportion. After that apply the jyX- 
BHXvANi rule through the aid of the first sine and the cosine 
thus found, for as many sines as are required. The sines will 
thus be successively eliminated to the value of any now radius. 

The rule given in my Pat/ or LfL^VATf is not sufliciently 
accurate (for nice calculations) I have not therefore repeated 
here that rough rule. 

• [These rules given in the rerset from 16 to 20 are easily deduced from the 
rules i;ivoii in tho rcrses 21 ond 23. — D. D.] 

t iiiJABKAitAoiiAuYA has givuu those riilus in his work without any douiou- 
BtrotioM.— li. D.] 
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Age, birth, &c. of tlio AuUior^pogo 2G1. 
Ai*nullai7 Splioro 151, 210. 
Astronomical Iiistruments, 209. 
Atmosphere, 127. 

Cclcslinl Intituclo, 200, 
Olopnyclrn, 211. 
(.Jhtikrn, 212. 
Cuiioii of 2>iiic9, 2G3. 

Paj of Drnhmo, 1G3. 

Dnj of tlio Pitris, 163. 

Days and night», 161. 

l^elu^es, 126. 

Drikkarma, 110. 

Driyontra, or genius instrument, 221. 

Enrth, 112. 

Knrth'sdinniclor, 122. 

Kclipscs, 17G. 

Kpicjclcs, 144. 

Equation of the centre, 141, 14i. 

Errors of LalUi, &c. 1G9, 1G5, 205. 

Gnomon, 212. 

Horoscope, 166, 211. 

Knlpa, 108. 
Kendm, 109. 

Lagna, 166,211. 
Longitudes, 21? 



Mandaphali, 109. 
Afandochcha, 109. 
Month, 129. 
Moon, Bolipses of, 176. 

rhatakft-Yantra, 213. 
rhnses of the Moon, 200. 
Phiuots, 128, 135. . 

Questions, 231. 

Rising and setting of the hcftTenl? bo- 
dies, 106. 

■ signs, 164. 

Seasons, 228. 

Seven Winds. 127. 

8ighroehoha,109. 

Signs, rising of the, 164. 

Sphere, 107. 

Sun, Eclipses of, 176. 

Swayanyaha Xantro^ or self-rerolfing 

instrument, 227. 
Sjphon, 227. 

Time, 160. 

Winds, 127. 

Year, 129. 
Yugas, 110. 
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